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Summary
The Vasquez Boulevard and Inter s ta t e 70 (VBI70) site spans approx ima t e ly 450 acres in
northeast Denver. It includes the area that the U . S . Environmental Protection Agency (EPA)
has proposed to the N a t i o n a l Priorities List of hazardous waste sites as well as an expanded
study area. EPA proposed adding VBI70 to the NPL on January 19, 1999, thus requiring
ATSDR to conduct a pub l i c health assessment by January 19, 2000.
The VBI70 s tudy area is located pr imari ly southeast of the
Inters tate 70. The study area does not extend further eas;
south than Martin Luther K i n g Boulevard, fur ther no:
than the Burlington Northern rail tracks west of Intersi
part of the f o l l o w i n g f i v e Denver neighborhoods: Cl
and Swansea. T h i s area includes a mix of r e s id en t ia l ,

Because of their frequent hand-tg|p!:uth ac
amount of exposure to contami^jts in so
p u r p o s e l y e s f e J a r g e a m o u n A E J P i l . T h i
[My chi ldr,
group.
In 1998, EPA
and II sam
and an i||lnsive samp
f o u

rstate 25 and
further
:r west

One important way that ch i ldren and a d u l t s could get
site is f rom accidental ingestion of contaminated soil
their environment, for instance when chi ldren pi
their house or when adul t s work in the yard
hands. Because p e o p l e and e s p e c i a l l y chiy|eft accii
mouth, they can swallow small amounts.j|f soil anjj|au
when the soil and dust par t i c l e s are c o j l f l m r n a t e j i l w i t h a;

iminants at the VBI70
eop l e interact with

on the f l o o r of
;s c l ing to their

nds on or in their
is results in exposure

id lead.
D! ch i ldren u sual ly have the greatest

»roup of pre-school chi ldren ex i s t s that
; ca l l ed soil pica behavior and is most

*an occur with any age, gender, or racial

jil saml^^plfi proper t i e s in the VBI70 s tudy area as part of phase I
|00 prB|irties, a conf irmat ion sampl ing round of 55 proper t i e s ,

^focused on 8 propert i e s . H i g h arsenic level s in soil can be
"certain propertp|li||p^study area. Poss ib le exposure to arsenic in soil occurred and

ies to occur at c e lpBproper t i e s that is a concern for preschool children with soil pica
nor. In add i t i on ||fthese prop er t i e s , past exposure to high arsenic l eve l s may have

at 18 p r o p e j p s before EPA s topped exposure in 1998 by removing contaminated
)s s ib l e exrj^pre to arsenic at the proper t i e s mentioned might cause serious health

children with soil pica behavior. The most l i k e l y signs and symptoms in
rchildren from eating soil with high amounts of arsenic could be nausea, stomach

c r a m p s T v o m i t i n g , and diarrhea. For soil pica children at these contaminated propert i e s where
this behavior occurs several times a week, other p o s s i b l e signs and symptoms might include:



a swe l l ing of the skin around the eyes,
a eye irritation,
a redness around the eyes,
& headache,
H laryng i t i s ,
a sore throat,
H rapid heart beat,
s severe nose b l e e d s ,
a liver damage, and
s lowered white blood c e l l s .
For these propert ie s , adult s and children with typical
those proper t i e s are not l i k e l y to experience non-cane
s o i l .

intake l e p f t whj
, baraM e f f e c t s fr.

T h i s p o s s i b i l i t y of harmful e f f e c t s in soil pica childrer
where exposure occurred in the past and is known to
proper t i e s that were cleaned up by EPA in 1998.:!the p u b l i c hea l th s igni f i cance of most of the
inves t igation. E P A , however, is currently^lyaluatir
soil inves t igat ion and has stated that it p l p i s to r e s j inp i

I a l imi t ed number of
and to the 18

icient inf^H^^p-exists to determine
s a m p l l | j p r i n g the phase I and II

g p p e r j j e s a s part o f i t s phase I I I
le or ig inal 1,500 p r o p e r t i e s .

T h e r e f o r e , add i t i ona l information a b p u j f a r s e n i c J j l i i d lead | fpialninat ion w i l l be a v a i l a b l e in
2000. Personal communication f r ^ ^ | P A ' s p j i j e c t m a n j f e r for the V B I 7 0 site i n d i c a t e s that
preliminary soil data on the S.OQ^pPopertie^nows r n a f f h a n y p r o p e r t i e s have arsenic l e v e l s
below 20 ppm. ATSDR w i l j expiate t h e j ^ j c h e ^ l l l ' s i g n i f i c a n c e of any new soil da ta and
other environmental i n f o r a J f b l w h e n a v a i l a b l e .
A T S D R
s a m p l i n g roifi!
p o s s i b i l i t y o f
have estim
that h a v | n shown
c a n c e j f P i s k for most of 1
s a m J l f n g rounds. E P A l

j s u f f i c i e n t info i;
ies sampled.

:rned:l̂ ||̂ ||||̂  of the 63 proper t i e s that were part of the c on f i rmat i on
intenll^^^lgig round because of high l e v e l s of arsenic and the

j i t s and^^ppn who l ive on the most h igh ly contaminated yards
Is to arlihic that are s imilar to exposure l e v e l s in human s tud i e s

:ncer in p e o p l e . It is not p o s s i b l e at th i s time to determine the
proper t i e s in the VBI70 s tudy that were part of phase I and II

III soil inve s t iga t i on, which w i l l be a v a i l a b l e in 2000, w i l l
ition to estimate the po t en t ia l cancer risk for re s ident s who l ive on the

ssŝ ^

w"icerned about preschool chi ldren who lived in certain p r o p e r t i e s with high
l of the 63 proper t i e s from the c on f i rmat i on s a m p l i n g round and the

intensive s ampl ing round have elevated l eve l s of lead in surface soi l . The f o u r p r o p e r t i e s with
the highest average lead l eve l s were cleaned up by the EPA in 1998 along with several other
proper t i e s with elevated lead level s in soil. Exposure f rom contact with l ead-contaminated soil
at the more h igh ly lead-contaminated proper t i e s be fore they were cleaned up in 1998 might



have increased blood lead l eve l s in some preschool children in the past and might have caused
harmful e f f e c t s involving the brain and nervous system. Poss ib le e f f e c t s include decreased
in t e l l i g enc e , developmental d e l a y , decreased stature, altered vitamin D metaboli sm, changes in
blood enzyme l e v e l s , and decreased hearing.
Several data gaps exist in determining the extent of soil lead l eve l s in the study area. The
intensive sampl ing round i d e n t i f i e d several ad j o in ing proper t i e s with high level|$|ilead in soil.
Because of the l imited sampl ing of these ad jo in ing propert ie s in the in^nive^lpind, it is not
po s s i b l e to determine whether or not lead in soil at those propert i e s g lppl^h children's
health. As for the 1,500 propert ie s sampled in phase I an^rmosfp^^^^do not have
s u f f i c i e n t number o f soil samples t o determine whether J p i o t lead l e p r harmf
f o r chi ldren. E P A ' s phase H I soil data should p r o v i d e j f c m a t i
wi l l a l l o w A T S D R t o evaluate t h e p o s s i b i l i t y o f h a r m f e c t s o m
The d i s t r i bu t i on of lead in and around the VBI70 study
might exist south and west of the study area. In a d d i t j i
might exist in the central industrial area inside the stuly area.:

for arsenic contamination, proper t i e s outside
arsenic in soil.

the,

ATSDR has made several recommendat,
pub l i c health. Some of the recommen^tions
• ATSDR recommends

Phase I and II and mi

that lead contamination
soil lead contamination

ja t t ern was obvious
i i f i cant l e v e l s of

cal agencies to protect

f rom all the proper t i e s sampled in

ace and d e p t h samples f rom the area around

is thal^l^pollect surface soil samples south of the s tudy area, that
j.ther Klflf Boulevard and Blake S t r e e t ; west of the s tudy area,

st and southeast of the Clay ton neighborhood.
„;;;:;$> ATSDR recomntigyisihat EPA col l ec t surface and d e p t h sediment sample s f rom

drainage ways j l p i n d around the V I B 7 0 study area and from the South P l a t t e River if
that river wa s jp t adequate ly characterized for arsenic and lead as part of the A S A R C O

recommends that the Exposure Inve s t iga t i on Sec t ion in ATSDR conduct an
"exposure invest igation to determine if residents who live on propert ie s with high l eve l s

of soil arsenic are being exposed.
The Division of H e a l t h Education and Promotion in ATSDR wil l evaluate the VBI70



site for p o s s i b l e health education and promotion act ivi t i e s . T h i s process w i l l inc lude an
evaluation of the health education act ivit ie s that have been conducted to date and an
assessment of the site for po s s i b l e health education and promotion ac t iv i t i e s based on
this evaluation.

ATSDR has developed a publ i c heal th action p lan for the VBI70 site. The purpose of the
publ i c health action p l a n (PHAP) is to ensure that this p u b l i c health assessment .gpls beyond
presenting ATSDR's conclusions and recommendations about pub l i c hp|th i§sps at the V B I 7 0
site. The PHAP describes actions during the health assessrne.nt procji iBiypere taken to
protect pub l i c health as well as actions that are planned.
two areas: health education ac t iv i t i e s and medical te s th
health education have been conducted. T h e y include
hold ing an a v a i l a b i l i t y session for residents to answer |
ATSDR and the Colorado Department of H e a l t h and
working on other health education activit ie s . For inst
heal th care providers to inform them of the publ i c hea
agencies are also looking at whether or not to d e v e l o p - ' b t h e r
In regards to medical t e s t ing, ATSDR will meas
a d u l t s who l ive at proper t i e s with high arse
inves t igat ion w i l l take place in the spring
pub l i c health actions for the site.
Based on the information present
information EPA, ATSDR and
health act ivi t ie s the Agency .will

involvesmioncermngi*
us about gal^f|||l

/ j~\ -r\ T\T T T~« \ " : :: :: :S ::SSIvS W : " y .( C D P H E ) are also currently
is wri t ing a l e t t e r to local

V B H O s i t e . T h e hea l th
ion ac t iv i t i e s for site.

ch i ldr en and
exposure

used to dec ide f u t u r e

ie a d d i t i o n a l environmental
w i l l de c ide what f u t u r e p u b l i c



Purpose and H e a l t h Issues
Purpose
Through p u b l i c health assessments, the Agency for T o x i c Substances and Disease Registry
(ATSDR) evaluates the pub l i c heal th s igni f i cance of p o s s i b l e exposure to contaminants at
S u p e r f u n d s i t e s , and then decides what pub l i c health ac t iv i t i e s are needed. Thes^| l t t iv i t i e s
genera l ly fall into the f o l l o w i n g broad categories: evaluation of huma^^ppj^e to
contaminants; medical t e s t s; heal th education; heal th promotion; recj^^^ltions to l o c a l ,
state, and f ed era l agencies; community involvement; andj||ph studii^|||ft^^ublic heal th
assessment describes A T S D R ' s act ivi t ie s a t t h e Vasques lpulevard a ^ ^ O ) site a r
provides th e Agency ' s opinion about th e pub l i c h e a l t h . n i f i c a n c e j p f c o n t ;
To inves t igate this s i te, ATSDR es tabl i shed th e "VBI'
the health team. Since January 1999, the heal th team
health issues related to the VBI70 site. I n p u t from tea
ATSDR, and has helped the Agency evaluate chemical exposi
health act ivi t ie s are a p p r o p r i a t e .

Learn," h e r e a f t e r l i f e f r e d to as
j l a r l y to discuss pub l i c

.been invaluable to
yde what pub l i c

Listed below are the heal th team member
Ms. Sandra Coulberson
Ms. S a n d y Douglas
Mr. Ted F e l l m a n
Ms. Lorraine Granad

s. Susan M
Ms. Theresa Ne
Dr. Lourdes R es-Guevara

l U S S

ilia K o r n d o f f e r
Mr. Anthony Thomas
Mr. Michael Wenstrom
Ms. Cel ia VanDerLoop

A T S A t l a
neighbc aood res ident, Denver
Envirji|irnental Protec t ion Agency, Denver

I g h b o r h o o d ; Executive Director, Cross
Ity C o a l i t i o n , Denver

I , A t l a n t a
C l a y ton neighborhood, Denver
Swansea neighborhood, Denver
A T S D R , A t l a n t a
Colorado Peopl e ' s Environmental & Economic
N e t w o r k ( C O P E E N ) , Denver
A T S D R , Denver
A T S D R , A t l a n t a
A T S D R , A t l a n t a
A T S D R , A t l a n t a
Colorado Department of Public H e a l t h and
Environment, Denver
Colorado Department of Publ i c H e a l t h and
Environment, Denver
Clay ton neighborhood, Denver
U . S . Environmental Protection Agency, Denver
C i t y and County of Denver H e a l t h Department,
Denver



Public Health Issues
During its inves t igat ion of the VBI70 site, ATSDR and the health team i d e n t i f i e d the f o l l o w i n g
pub l i c health issues that were to be investigated as part of the pub l i c hea l th assessment process:
1. Is arsenic contamination hi soil a threat to the public's health?
2. Is lead contamination in soil a threat to the public's health?
3. Is exposure to other chemicals in the environment J l p , in thll!!!!!aeat to the

p u b l i c ' s heal th? 1

4. Are communities of color at increased risk of
exposure? 2

Introduction to the Site
The VBI70 site spans approx imat e ly 45g|gres in jphB^gp|gpr(se e A p p e n d i x A, F i g u r e
1). It includes the area that the U . S . j p v i r o n m e j t a l P r o t f | p f F A g e n c y (EPA) has propo s ed to
the Nat iona l Priori t ie s List (NPL)^|||iivell a s j p e xpande j l s tudy area (see A p p e n d i x A, F i g u r e
2).4 EPA proposed adding VBI|jp!he N i p m J a n u a j f 19, 1999, thus requiring ATSDR to
conduct a pub l i c health as se s smfc by Jams
As F i g u ,
interchan]
Colorado
Avenue, and
Figure 2 al;
neighbq;
mix

is a conlppe s snape , and is located p r i m a r i l y southeast of the
70. The s tudy area does not extend f u r t h e r east than
artin Luther K i n g Boulevard, f u r t h e r north than 52nd

igton Northern rail tracks west of I n t e r s t a t e 25.
area includes all or part of the f o l l o w i n g f i v e Denver

lyria, S o u t h G l o b e v i l l e , and Swansea. T h i s area inc lude s a
id industrial sections.

1 T h i s q u e s t i o n j p f i be answered in the public health a s s e s s m e n t ' s dra f t release for p u b l i c comment in

tion will be answered in the pub l i c heal th a s s e s s m e n t ' s d r a f t release for p u b l i c comment in
S p r i :

3 EPA's NPL is a l i s t of hazardous waste sites that appear to need some kind of remedial action to s t o p
exposure to toxic chemicals or radiation.

4 The boundaries of the NPL site and the s tudy area shown in F i g u r e s 1 and 2 are based on maps that
EPA provided to ATSDR.



More de ta i l ed information about p o l l u t i o n sources in and near the VBI70 study area can be
found later in this "Background" section, under the headers "Area H i s t o r y " and "EPA's
Regional Geographic I n i t i a t i v e (RGI)."
Area History
Based on the informat ion summarized in this document, there is evidence of con|pfiinated soil
around the V B I 7 0 s tudy area. S o i l s in the s tudy area could have beenj|ntam|pited by many
activi t ie s . Many industrial act ivit ie s currently take place irymd aroi|̂ ^ |̂iidy area. In
addi t ion, two smelters used to operate and a third s m e l t e r j p e r a l ^ f f i i i i k r e a . Some
in format ion about these smelters f o l l o w s :

The Omaha-Grant smelter. As F i g u r e 1 show;
south of Inter s ta t e 70, west of Brighton Boulev
location from 1882 to 1903. During this time, il
produced g o l d , s i lver, copper , and lead accord^ft
Omaha-Grant smelter became part of the Amerlean S
(ASARCO), which continued to operate t M l i & t until it

The
between
was :: over

copper
Present

b u i l d i n g s

-Grant sme
smelter operatedwaiis

2,200,000 tons of ore and
tit reports. In 1899, the

.efining Company
903. The Omaha-

Grant smelter stack was used by the
from 1944 to 1950. The Ci ty d e m g f p i e d
covered part of the area with con^fete, a s p j
( A p o s t o l o p o u l o s 1998, A T S D R J t 9 9 5 ) .
The Argo smelter. As Fi
current interchange bet
1879j |o l910. I t

iter m

as a munippal waste incinerator
i ck j inor t ly th er ea f t e r and

Iver Coliseum
;go smelter was located near the

xstate 70. T h i s smelter operated f r om
roasting copper ore and matte.5 The

f i l t e r is located less than 1 mile north of 1-70,
5. The smelter f i r s t began operating in 1886, and

1899. The operations at this site have changed many
the smelter, at one time or another, has produced g o l d ,
ium, arsenic, indium, selenium, antimony, and other meta l s ,

at the Globe p lan t are d i f f e r e n t from historic operations. Only a
p l a n t are currently in use for the product ion of bismuth produc t s , 6

Matte is a product that has a s u l f u r containing metal. Common examples are copper matte and nickel
matte.

6 Bismuth is a metal like lead and arsenic and is used in making pharmaceutical products (for example ,
Pepto Bismol). It is also used in industrial processes.



l i t harge , 7 h ighly p u r i f i e d l ead , and te l lurium. 8 S m a l l amounts of h igh ly p u r i f i e d
" spe c ia l ty metals" are also produced. S p e c i a l t y metals produced during the last year
include cadmium t e l l u r i d e , cadmium s u l f i d e , lead t e l l u r i d e , zinc t e l l u r i d e , and high
puri ty copper cylinders.

Other industrial activit ies may have also contributed to soil contamination in the s tudy area.
Those activit ies are presented hi the Regional Geographic I n i t i a t i v e section. I n j t f l i t i o n to
industrial a c t iv i t i e s , arsenic containing p e s t i c i d e s and herbicides were j^guen||f::used in the
U . S . during t h e 1 9 5 0 ' s a n d 1 9 6 0 ' s . T h e extent t o which
a f f e c t e d VBI70 study area so i l s has not been determined,
p o s s i b l e sources of arsenic and lead contamination.
Actions Taken by EPA to Stop Exposure to Arsenic a,
After s ampl ing soil in people ' s yards, EPA o f f e r e d to c l
in the VBI70 study area. T h i s decision was made to stq
p o t e n t i a l l y harmful l eve l s of arsenic and lead. During t'
p r oper t i e s with average soil arsenic level s above 4
ppm to be e l i g i b l e for cleanup at no cost to thi
up 18 of the 21 p r o p e r t i e s that had soil con'
other 3 p r o p e r t i e s r e fu s ed E P A ' s cleanup^
Information from EPA's Region
In 1989, EPA reported that the
Swansea, Eb^a, and Sout!

second higi
771,000

pbbut the;
lion located in

! Geographic Ini
t d e n t s , indus try re|
sentative, and st

st contaminated p r o p e r t i e s
coming into contact with

EPA considered
l e v e l s above 2,000

, EPA has cleaned
l e v e l s ; owners of theay,

zip <p | | lJU21|gp f h i ch in c lud e s the ne ighborhood s of
He, has^lpil^pCighest i n d u s t r i a l emissions of hazardous

1989l |J(fce than 331,000 pound s of toxic chemical s
and soil within this zip code. In 1995, 80216 again had the

ihemical releases r e p o r t e d l y increased to more than

the Cross Community C o a l i t i o n ( C C C ) , a gras sroo t s community
Ipplied for and received a grant in 1998 f r o m EPA under the

IGI) to s tudy local p o l l u t i o n problems. Under this grant, a group
bentatives, large and small business r epre s en ta t ive s , a church
icmbers f rom f e d e r a l , state, and city government have worked to

7 Litharge is an oxide of lead made by heating meta l l i c lead.
8 T e l l u r i u m is a nonmetall ic element similar to sul fur. It has a number of industrial uses, for e xampl e , as

part of stainless steel and iron castings as well as a coloring agent in g la s s and ceramics.
8



sources of p o l l u t a n t emissions (both TRI9 and non-TRI in the 80216 zip code),
type s of p o l l u t i o n emitted,
p o t e n t i a l heal th risks related to the p o l l u t i o n , and

_*.actions needed to protect r e s i d e n t s ' health.
What f o l l o w s is a preview of some f i n d i n g s f rom this s takeholder grou|
T a b l e s 1 through 5 in A p p e n d i x E. The location of TRI f a c j i t b in
area is shown in A p p e n d i x F, Figure 11.

.ter d e t a i l , see
.e VBI70 study^

I n t e r s t a t e 70 and other major
Sources of p o l l u t i o n within the 80216 zip code include
• v e h i c l e s — 7 8 1 mi l l i on vehicle miles were travelec

t r a f f i c routes within the zip code (CDPHE 1999a
• bakeries,
• manufacturing f a c i l i t i e s ,
• large-volume and small-volume
• metalworking shops,
• autobody and truck jfi

T h e 8021J|pp~code
than 4 J | f i f trucks (CD
r endeSpg p lant and a Pu

hat burns l o w - s u l f u r coal ( C D P H E 1999b).
'"$•$&'': to 3 s diesel truck f l e e t s . 1 0 Combined, these f l e e t s contain more

). In a d d i t i o n , some businesses in the a r e a — i n c l u d i n g a
i%od p l a n t — e m i t very strong odors (see A p p e n d i x F, F i g u r e 1 1 ) .

|wing reports f r ora |&c i l i t i e s that are required to d i s c l o s e air emissions to CDPHE's Air
lion Control Dj sp i on revealed more than 50 substances released into the air each year in the

to code,(Bl|P*HE 1999b). The substances emitted in largest quantit ie s are l i s t e d below:

TRI is the Toxic Release Inventory, a database of environmental releases maintained by EPA. Onlyselected industries, and f a c i l i t i e s within these industries, are required to report releases to TRI. T h e r e f o r e , it is nota comprehensive account of environmental releases.
10 A f l e e t of trucks is d e f i n e d as a group of more than nine trucks owned by a company.
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a s u l f u r oxides,
§ nitrogen oxides,
s carbon monoxide,
H very-small-diameter par t i cu la t e matter (PM 1 0 and PM2 5),
a numerous organic compounds,
s hazardous air p o l l u t a n t s , and
B inorganic metal s , such as lead and arsenic.
The truck f l e e t s and the inters tate t r a f f i c are sources of pi
soot), hydrocarbons, nitrogen oxides, s u l f u r d iox ide , car
( C D P H E 1999d).
There are f our other NPL sites in or near the
a the ASARCO Globe Plant ,
a Sand Creek I n d u s t r i a l ,
s Chemical S a l e s C o m p a n y l i S d

Wood

m? of'ATSDR Aorities

T h e r e are i
Conservation!
Some exampl|
I n d u s t r i e s ^ l f t b c o
F i g u r e j I l Y E P A 1999c

atter ( p r i m a r i l y road dust and
and f o r m a l d e h y d e

i x F , F i g u r e 1 1 ) :

r.e required to have permit s under the Resource
either generate, t ran spor t , or store hazardous waste,

t o p p e r s (Beazer East I n c ) . , W o o d b u r y C h e m i c a l , RAMP
Jenver T r a n s p o r t T e r m i n a l , to name a f ew (see A p p e n d i x F,

|R became iny^ped with the VBI70 site in November 1998. One of ATSDR's f i r s t
WFtogether the heal th team. The heal th team, in turn, has planned several

/ i t i e s for the s i t e , and has set a schedule for c o m p l e t i n g them. As of t o d a y ,
s o m l i l l i s e ' p l a n n e d act ivit ie s have been carried out while others have yet to be c o m p l e t e d .
Figure 3 in A p p e n d i x B l i s t s the ac t iv i t i e s that have been c o m p l e t e d , as wel l as those ATSDR
expec t s to complete.
A T S D R ' s pub l i c heal th assessment pro c e s s—an important ac t iv i ty f o r t h e V B I 7 0 s i t e — i n v o l v e s
several act ivi t ie s . F i r s t , ATSDR evaluates al l relevant environmental da ta , community
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concerns, and sometimes health outcome data for a site. The results from this f i r s t ac t ivi ty are
then used to determine the other act ivi t ie s needed, such as medical t e s t ing, heal th education,
and health promotion. T h i s publ i c health assessment focuse s on evaluating environmental data
and community concerns as well as heal th education act ivi t ie s that took place during the
investigation. As decisions are made from evaluating environmental data, community
concerns, and medical t e s t s at the VBI70 s i te , other act ivi t i e s may take place in the future . As
addi t i ona l environmental data become avai lab l e , other act ivi t i e s may take p lace J f t l h e fu ture .
CDPHE Investigations
As a f o l l o w up to inves t igations at the nearby ASARG
16, 1997, collected 25 soil samples , 3 surface water s;
what is now the VBI70 s tudy area. The sample s wen
metal s , such as arsenic, cadmium, and lead. The soil
sample s) and Swansea (2 samples). Overal l , arsenic
1,300 parts arsenic for every m i l l i o n parts of soil (abb j
as 660 ppm ( A p o s t o l o p o u l o s 1998; EPA 1998a). Thi
amounts of arsenic and lead that natural ly occurJ
elevated l eve l s of arsenic and lead prompted
the f i v e neighborhoods that eventually
EPA Investigations
EPA has conducted several envi
describes those inves t igations,
A T S D R ' s publ ic heal th a ;

s t i g a t i o n j f a t the VBI70 site. T h i s section
PA : :;$f i e s t igat ions that are involved with

anic"iSSSSiSS;:S:SS :-' ^co l l e c t ed
.ential yards were as high as

and lead l eve l s as high
igher than the

The f i n d i n g o f
' s i v e soil s a m p l i n g i n

tie spring and summer of 1998, EPA conducted what it
jiil s ampl ing at the VBI70 site. During these s a m p l i n g

'roughly 1,500 prop er t i e s in the s tudy area. At each
l ly t o o l f f w o samples of surface so i l s ( from the top 2 inches of

;>il from below the surface ( from deeper than 6 inches). Thi s
^properties with p o t e n t i a l l y high l eve l s of arsenic and lead in

ipling. Based on the re sul t s of phase I and II soil sample s , EPA went
gpper t i e s with some of the highest level s of contamination to collect

Soil samples . T h i s "confirmation sampl ing" took place as part of phase II
fig rounds in summer and p o s s i b l y fall 1998. Most of the samples that were

"collected are cal l ed " f ive-point composite samples ," which means that so i l s from f i v e
d i f f e r e n t locations on a property were co l l e c t ed and mixed together. The resul t s of the
confirmation samples were used to decide which properties required immediate cleanup
at no cost to the proper ty owner. Of the 55 propert i e s considered, 21 met EPA's
criteria for cleanup. That is, 21 proper t i e s had average arsenic l eve l s in soil above 450
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ppm or average lead l eve l s in soil above 2,000 p p m , or both.

ta

Intensive sampling.11 In add i t i on to c o l l e c t ing the conf irmation sampl e s , EPA
conducted what it has called "intensive sampling" in summer and p o s s i b l y fall 1998 at
eight proper t i e s in the study area. Some of the proper t i e s were selected because they
had extremely high l eve l s of arsenic or lead in the soi l s while others were s e l e c t ed
because they had low l eve l s of arsenic or lead in the so i l s . As part of t h j l p a m p l i n g
e f f o r t , EPA col lec ted soil samples f rom throughout the selectedj|||pp§||is, and on
some of the neighboring propert i e s . Through this abroach, j^^^pive s a m p l i n g
col l ec ted as many as 224 soil sample s from each o^^eight^B^||erties, thus
prov id ing a very de ta i l ed picture of contaminatigilt those p p l U K i l l l l c e EPA
collected soil sample s up to 15 f e e t into some
sampl ing e f f o r t provided information about co^
neighboring proper t i e s .

proper t i e s (EPA 1999b).
report was released on I
Oth Studies. In

ited s
rds in

Phase III sampling. In the fall and winter of
cal led "Phase III" sampl ing. During this s tud^EPA •
f rom approx imat e ly 3,000 proper t i e s that
EPA used a d i f f e r e n t sample de s ign
concentration of arsenic and lead
c o l l e c t i n g 3 composite soil s a m p j
of 10 indiv idual soil samples . JlPA a l s o j p i l e c t e d l

icted what has been:ace soil s a m p l e s
bases I and II.

Eimate the average
ampl e d e s i g n consi s ted o f
each compos i t e c on s i s t ing

dust s a m p l e s f r om some
la s a v a i l a b l e t o ATSDR when th i s

to the i f j l p l p a m p l i n g s tud i e s , EPA has al so s tudied how
igs. S^pl lKiy, EPA has fed p i g s arsenic-contaminated

tudy area to determine how much arsenic the p i g s would
into their body. EPA p l a n s to use t h i s

late hl||f|||ph arsenic w i l l be absorbed by p e o p l e who come into
ntairilped soil (EPA 1999c). In a d d i t i o n , EPA conducted

lead in soil to determine the chemical f orm of arsenic and
' A undated).

.ble environmental in format ion , ATSDR considers the number and
la t ion in the surrounding area. For the VBI70 s i t e , ATSDR reviewed the

brmation of d i f f e r e n t groups of p e o p l e in the s tudy area:
Demographics of the VBI70 study area. According to 1990 census data, 13,350 p e o p l e
live in the VBI70 s tudy area—an area with 5,500 housing units. As shown in A p p e n d i x
11 The intensive sampl ing round is also referred to as the risk-based s a m p l i n g in some EPA documents.
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C, Figure 4, the racial composition of the area is diverse: 26% of the popu la t i on
( 3 , 5 2 1 ) is white, 34% (4,492) is black, and about 38% ( 5 , 0 3 1 ) report a race other than
those l i s t e d . The "other race" category includes p e o p l e who i d e n t i f i e d themselves in
the census as mult iracial, multiethnic, or of H i s p a n i c origin. In response to a separate
question on the census, approx imat e ly 7,000 p e o p l e in the study area id en t i f i ed
themselves as being of H i s p a n i c origin. T h u s , about 60% of the p e o p l e in.the s tudy
area are H i s p a n i c and about 30% are African-Americans .
I n f o r m a t i o n on p o t e n t i a l l y sensitive p o p u l a t i o n s , sucj^ as youj
adu l t s , is also presented in A p p e n d i x C, F i g u r e 4,J||lildreri i

make up 13% (1,800) of the p o p u l a t i o n , and ap|plimately
populat ion is 65 years of age or older.
Demographics of the proposed VBI70 NPL
p o p u l a t i o n information about the p e o p l e who
VBI70 NPL site, which covers less area than
5,800 p e o p l e live in the proposed NPL site
somewhat similar to that of the p o p u l a t i o

C, Figure 5,
boundaries of the proposed

A p p r o x i m a t e l y
compos i t ion

' s t u d y area.

The previous demographic in|bri^pion is b
census datable, not availabj^lu^stimate
2003 are. I n f b J l H ^ t h e s e e
A p p e n d i

s database con
EPA also pro

records of intensi
cance of con

and o lder
or younger

Demographics of neighborhoods \vjjjjinrthe
through 10, show the same t y p e ^ r p o p u l a y p i i
neighborhoods that make up Ogp/BnO s j l l y area
G l o b e v i l l e , and Swansea.

arejjl A p p e n d i x D, F i g u r e s 6
for each of the f i v e

ton, Col e , Elyr ia , South

•:-•sported in the 1990 census. More recent
l l a t i o n demographic s in the years 1998 and

"for the V B I 7 0 s tudy area is presented in

/ Concern Requiring Further Evaluation
lectronic database of the phase I and phase II soil sampling

measurements f rom 1,412 proper t i e s and consisted of 4,698
h add i t i ona l 442 records of confirmation sampl ing data and

sampling data. ATSDR's evaluation o f t h e publ ic health
tion at the VBI70 site is based on those environmental data. EPA is

iase III soil s a m p l i n g data, and those data were not avai lab l e for review
s written.

Duri l f 'a l l o f EPA's sampl ing e f f o r t s , l ev e l s o f arsenic, l ead , and other metals were measured
using what is ca l l ed an "X-ray f luorescent" (XRF) instrument. In a d d i t i o n , 10% of the soil
sample s were measured using a method cal led "inductively coupled p la sma (ICP)
spec troscopy." The ICP measurements were used to check to make sure that the XRF
measurements were accurate.
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Arsenic
According to the XRF results f rom EPA's phase I and II soil s a m p l e s , about 500 prop er t i e s
had at least one soil sample with arsenic l eve l s above 58 ppm. The remaining 900 p r o p e r t i e s
had arsenic l eve l s below the XRF i n s t r u m e n t ' s detec t ion l i m i t , which varied f rom 44 to 57
ppm. Thes e 900 proper t i e s either had background l eve l s of arsenic in their s o i l s
( a p p r o x i m a t e l y 7 p p m 1 2 ) or low amounts of arsenic ( l ev e l s between 7 ppm and t|||Pdetection
l i m i t ) . However, for phase I and II re sul t s , the XRF method was not J|a|>it iyjt inough to
measure arsenic level s between 7 and 57 ppm.
In addi t i on to the EPA data co l l e c t ed s p e c i f i c a l l y for thi
samples from Elyria and Swansea in July 1997. Of thj
elevated arsenic l e v e l s , with the highest level being 1,

cted 25 s l ; :

Cadml
During p
cadmium in
result of th
I and II

170
p r o p e r j j f t testec

p o s t o l o p o u
Lead
EPA's XRF result s from phase I and II soil samples
contained detec table l eve l s of lead. The typi ca l
by EPA was about 30 p p m , meaning that
that l eve l . That de tec t ion limit is close
natural ly occurring soi l s in the western
soil in urban and suburban areas to be.Jtmtam
m i l l i o n , due to lead f a l l o u t f rom ,̂̂^
other sources. Many proper t i e s J ^ i l e v a t e j
proper t i e s had lead l eve l s in ssoi|pat wen

the prop er t i e s
instruments used

detect lead below:6und level of lead in
hot unusual, however, for

;d with I j l p l i f several hundred par t s per
of l e a d p ga s o l in e in cars as we l l as f rom

:<I in s o i l , however, only a few
rn.

mned to use XRF instruments to measure l e v e l s of
However , were o f t e n f ound to be inaccurate. As a
that the XRF cadmium measurements f r om the phase

12 In a survey of UJ'fwestern soils, the background level was determined to be 7 ppm with the highest
eing 97 ppm. (ATSDR 1992). Since 7 ppm is an average, half the values are below 7

: values are a f e ipe 7. What is in question here is the di s tr ibut ion of the values above 7 ppm and whether
), or 50 ppm can be considered the upper end of background level s for arsenic in Denver.

[ reliable information s p e c i f i c a l l y for Denver, nor has EPA generated a background arsenic
fly for the V B I 7 0 site. One study has reported that the u p p e r l imi t of "background" level of

f G l o b e smelter is 28 ppm because two peaks were seen when the soil data was p l o t t e d (TRC
Environmental Consultants 1992). ATSDR does not believe this value is r e l iab l e , because elevated l eve l s of
arsenic were detected both on and off the site. In addit ion, historical smelter emissions and other po s s i b l e sources
in northern Denver might have raised background levels. T h e r e f o r e , assuming that the lower peak represents
background levels of arsenic could be a mistake. It is not certain, therefore, whether or not the 28 ppm arsenic
level is a true upper l imit for arsenic background leve l s for the entire northern Denver area. Because of these
l imi ta t ions ATSDR cautions against using 28 ppm as an upper l imit of background arsenic levels .

arsei
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A l t h o u g h the XRF measurements of cadmium were unsucc e s s fu l , EPA sent 363 soil sample s
from its phase I invest igation to a laboratory for analysis using the ICP chemical method.'
Thos e re sul t s , which were found to be accurate and v a l i d , show the average cadmium leve l s
from the VBI70 study area to be 5 ppm in surface soil and 5.6 ppm in subsurface soil. The
highest level reported was 37 p p m , from a subsurface soil sample (EPA 1998b). These l eve l s
are higher than what has been reported as the background level of cadmium in naturally
occurring western so i l , 0.07 to 1.1 ppm (Kabata-Pendias 1984).13

W h i l e soil cadmium leve l s appear to be higher than background lev<
in soil will not cause harmful e f f e c t s to p e op l e in the V B ] | | l f f l a d y
of exposure to adu l t s and children from contact with squill below
Risk Level ( M R L ) f o r cadmium a n d below E P A ' s C f i r j J I c R e f e r p e y D o s <
cadmium.14 For this reason, this health assessment re f l l tkcontaal i no fur ther '
harmful e f f e c t s o f cadmium from soil.

el of cadmium
itimated amou

inimal
Irf t h e

T h e l ev e l s
level of •iaverage
in natural ly
inves t igation at

inc in sur f;
t h e l

The

The l e v g f S f zinc
peopl||Frhe estimated
s o i l j f b e l o w A T S D R ' s

trient, or an
tended that

from expo;*>:.. £:.:**.....,..

Other Contaminants of Concern
S o i l contains many inorganic metals with a ran
indus tr ial sources and other type s of ac t ivi ty
phase I, EPA analyzed 44 soil sample s for^^meta'
Most of these samples came from S w a n g f l f a n d
and zinc, the l eve l s of inorganic metalspn the 44Jfbil sairij
l eve l s in soil from the western U.Sj|||ihe ar s e jpe , l e a d ,
reviewed in the previous discuss$H^!hd rneJlmc com

P o l l u t i o n f rom
t a l s i n s o i l . During

immonly found in s o i l ,
l ead , cadmium,

x>m VBI70 are s imilar to the
cadmium contamination was

ation is reviewed below.
fm 84 to 1,600 p p m , with an average

' soil ranged from 84 to 3,300 p p m , with an
considerably higher than the average level of zinc found

U . S . , which is 65 ppm. In an earlier site
S i t e , zinc was also found at elevated l eve l s in soil.

samples are not high enough to cause harmful e f f e c t s in
exposure to zinc for chi ldren and adult s from contact with

RL for zinc and EPA's chronic RfD for zinc. In add i t i on , zinc
ial element for humans, and the N a t i o n a l Academy of Sciences has

erican diet contain 10 to 15 mi l l igrams of zinc per day. H e a l t h
zinc in soil wi l l not be evaluated in this report.

13 Urban areas o f t e n contain higher level s of cadmium because of automobile t r a f f i c and po s s i b l e local
industrial sources. A survey by S k y l i n e Labs, I n c . , f ound a geometric average cadmium level in soil of 2.2 ppm in
the metropolitan Denver ( S k y l i n e Labs 1986).

14 MRLs and R f D s are health guide l ines designed to i d e n t i f y exposure levels in humans below which
harmful e f f e c t s are unlikely.
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T h a l l i u m i s another naturally occurring metal in soil. In EPA's phase I inve s t i ga t i on , t h a l l i u m
was detected in the study area at an average level of 13 ppm in surface soil sample s and 15
ppm in subsurface soil samples. Subsequent analysi s by EPA using two other methods showed
that tha l l ium l eve l s in soil were below 1 ppm and that the XRF instrument was probab ly
overestimating tha l l ium l eve l s in soil. The tha l l ium l ev e l s measured by the two other chemical
methods are similar to background l eve l s of t ha l l i um in na tura l ly occurring soil (ATSDR
1992). These background level s of tha l l ium are not harmful to p e o p l e . As a
wi l l not be evaluated fur ther in this pub l i c health assessment.
Adequacy of the Environmental Data
When reviewing the soil sampling data for this site, AT
environmental inves t igat ions to determine whether they
decisions. Below is a summary of ATSDR's review of tl
data for the VBI70 site.

t h a l l i u m

i n p l i n g
f i r s t rey|ped

adeap l t e f o r
cy of the sur face

Phase I and II Samples
During the phase I and II s a m p l i n g rounds, EPj
(two surface and one sub surface) at every
sample s characterize l eve l s of contaminaty
might not provide an accurate measure j i p r o p e r
residences where l eve l s of contamin ••:•:•:•¥•:•:•:•:;:;:;:••IP"
In f a c t , comparison of the Phase^hd II daj||||th theygpire extensive da ta c o l l e c t e d dur ing the
c o n f i r m a t i o i j i & n d intensive d b p R g has shj|l^|pitartling d i f f e r e n c e s in the l e v e l s of

T h i s l f l i l i f f h a t the Phase I and II s a m p l i n g did not
in some cases. The con f i rmat ion s a m p l i n g and

intensive s a H p H p i i e l y are rnll^iisentative of soil contamination, since they consi s ted of
many more discussed earlier in this report .

three soil s ampl e s
The two surface soil

each p r o p e r t y , but they
Contaminat i on , e s p e c i a l l y at

across the p r o p e r t y .

. wKviviv •«• % ••:«Intensive^^Confir lies
As nllid previous ly, E I M ' ^ p t t e n s i v e and conf irmation s a m p l i n g e f f o r t s measured

lination in soils a jpeveral locations on a prop er ty , instead of measuring contamination at
ne or two l o ca t i o j l . T h e r e f o r e , these sampl ing e f f o r t s provide a much more accurate

of contam.is^lion at the VBI70 site. As a re sul t , ATSDR's p u b l i c health dec i s ions for
'primarily from the results of the intensive and c on f i rmat i on s a m p l i n g , and

^hase I and II sampl ing. More d e t a i l s on this dec i s ion f o l l o w :
Intensive sampling. During EPA's intensive s a m p l i n g , s o i l s were c o l l e c t ed at 5 - f o o t
intervals at eight residential proper t i e s in the VBI70 s tudy area. A d d i t i o n a l l y , EPA
col lec t ed soil sample s , when p o s s i b l e , as far as 15 f e e t into the p r o p e r t i e s that a d j o i n
the eight propert i e s . The purpose of the intensive s a m p l i n g e f f o r t was to characterize
the d i s t r i bu t i on of arsenic and lead in both contaminated and non-contaminated yards ,
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and in their ad jo in ing propert i e s . Between 89 and 224 soil samples were co l l e c t ed at
the eight proper t i e s that were the focus of the intensive sampl ing e f f o r t . T h e r e f o r e , the
intensive soil sampling data are s u f f i c i e n t to make pub l i c heal th decisions for these
propert ie s . The limited sampl ing of ad jo in ing propert i e s did not provide s u f f i c i e n t
in format ion to characterize long-term exposure but did provide l imited informat ion
when evaluating very short-term exposure in children.
Confirmation sampling. At 55 p r o p e r t i e s , EPA conducted cor
noted earlier, most of the confirmation samples werejactualb
samples," in which soi l s from f i v e locations werej|p^red
A composite sample was co l l e c t ed f rom the backHlrd and frc
considered in this s a m p l i n g , and discrete soil
yards and gardens. T h e r e f o r e , the confirmatic
contamination at many locations at each proper
the proper ty-wide contamination.

ator of

Phase HI Soil Samples
Phase I
from eac:
exposure to
the time this
AIRSD*

As
nt c o m p o s t e

as one samp
:ry prope

It should be noted that f i v e proper t i e s were part of bo
s a m p l i n g e f f o r t s , enabling ATSDR to compare
In general, the two s a m p l i n g schemes provid
exceptions though, which shows that the i n ^ i ' s i v e s
o f proper ty-wide contamination than m e j F p o i n t c e l p
composi te s might miss s ign i f i cant a r e a j f b f contamination
rel iable in making pub l i c health d e J i f t n s cornered to

,and intensive
p l i n g approaches.

There are some
rovides a better estimate

Because f i v e -po in t
nf irmat ion resul t s are less

tensive s a m p l i n g .

' e n e r a t e a i p e o l e c t i n g three 10-point composite samples
be s u f f i c i e n t for making pub l i c heal th decisions about
jha s e III soil s a m p l i n g result s were not avai lab l e at

iry 19, 2000.

brometric Infonn| | jbnfRetr i eval S y s t e m (AIRS) is a p u b l i c l y accessible database of
lation about air p j p u t i o n in the United S t a t e s . EPA has many uses for AIRS, but the
jse's main use j|i|6 track changes in air qual i ty across the country. The information in
apmes primarily from states, which are required to submit air qual i ty measurements to^^tlft.i i lutants. As no except ion, the state of Colorado routinely provide s

air qual i ty measurements to EPA, and these result s are then loaded in AIRS.
Currently^ AIRS has extensive air qual i ty data for more than 20 ambient air monitoring
stations throughout the Denver metropol i tan area, thus prov id ing extensive information about
this ar ea ' s a i r qual i ty f o r certain p o l l u t a n t s .
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According to EPA, air qual i ty throughout the Denver m e t r o p o l i t a n area currently meets the
attainment criteria for l ead, nitrogen d iox ide , and s u l f u r d i ox id e . All of Denver County and par t s
of Adams County currently are not in attainment with EPA's N a t i o n a l Ambient Air Qua l i ty
S t a n d a r d for par t i cu la t e matter. S i m i l a r l y , all of Denver County and par t s of A d a m s County
currently are in "serious non-attainment" with EPA's carbon monoxide s tandard.
T e c h n i c a l l y , the 1-hour standard for ozone has not a p p l i e d to the Denver m e t r o p o l l f f h area since

s recently
Until some time

and p a r t s of

e V B I 7 0 site. U s i n g
impor tant t o p i c s , such as

ccur for the d i f f e r e n t
occur, and wha,

es. Thi l l |pbn f o cu s e s on p e o p l e
t y p e s ^ F s a m p l e s have been

May 1998. Rather, this area is in the process of determining whether i
promulgat ed 8-hour standard for ozone. T h i s determination will not
next year (i.e., calendar year 2000). However, prior to 19S>:iAdams county were not in attainment with the 1-hour o

Discussion
T h i s section present s A T S D R ' s analyses o f p u b l i c heal th
informat ion f r om many d i f f e r e n t sources, this section ad<
how p e o p l e might be exposed to contaminants, how mi
contaminants, what s i tuat ions and human activities
harmful heal th e f f e c t s might occur as a result
who live in the VBI70 s tudy area, where soii
c o l l e c t e d .
The in f ormat i on presented in this s e c j | | f ' a l s o anp/ er s the i f any ques t ions that community
representat ives f rom the V B I 7 0 s t j j | ip irea aslg|l ATSDRjIbout contaminat ion at the ir p r o p e r t i e s
and describes the heal th e d u c a t i j f p f n d prog|||pn ac|p§ies that took p l a c e dur ing the h e a l t h
assessment
Compl
When review
to i d e n t i f y
c o n t a m i n a m o v e
with
(in

i b i l i t y o f contamination, o n e o f A T S D R ' s f i r s t g o a l s i s
ays." Exposure pa thways are d i f f e r e n t ways that

and the d i f f e r e n t ways that p e o p l e can come into contact
in ( i n h a l a t i o n ) or a c c i d e n t a l l y drinking or eating them

sure pathway" exists when i n f o r m a t i o n exists that shows a
afer, or air that re s idents have come into direct contact with in the

pas t , the present or l i k e l y wil l do so in the fu tur e . ATSDR has
exposure pathways for the V B I 7 0 site, as described below.

children and adults
The most important exposure pathway at the V B I 7 0 site is accidental inge s t ion of contaminated
soil and household dus t , by both chi ldren and adu l t s . T h i s exposure occurs when p e o p l e interact
with so i l s in their environment. For instance, when chi ldren p l a y o u t s i d e or crawl on f l o o r s or
when a d u l t s work in yards and gardens, contaminated soil or dust p a r t i c l e s c l ing to the ir hands.
Residents can then a c c i d e n t a l l y swallow the contaminants when they put their hands on or into
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their mouths, as chi ldren o f t e n do. Sinc e p e o p l e and pe t s track contaminated so i l s f rom outdoors
into their homes, exposures can occur both while p e o p l e are in their homes and while they are in
their yards. Unles s contaminants are removed from propertie s , some residents will be exposed to
contaminated soi l s and dus t s as long as they live in the VBI70 s tudy area. The contaminants of
greatest concern for soil inges t ion are arsenic and lead.
The amount of chemicals to which p e o p l e are exposed d e p e n d s on many fac t or s , sgp f as the
l evel s of contamination at their homes: The highest amount of exposure J l ^ e x p e j l t a t o occur
among p e o p l e who spend time at the homes with the highest levels of s
p e o p l e who live at these homes will probab ly have the mos|̂ ^0sure,̂
these homes can also be expo s ed , but to a lesser degree.
children, whether they live at homes with contaminated
contaminated so i l , are most l i k e l y to have the highest le
a d u l t s and o ld er chi ldren who visit houses with contami
exposure.

When evaluating exposures, AT
important is preschool chil
engage in,gi|ejiavior,
that pic.
cultural f a
l i k e ly to occui
The exact nu
have repo,
c h i l d r e j g j i a r l t r o p 196
s tati s t s , two scientists

havior once or
however, that

nation. The
rs who visit

preschoreasons
s or freaueaiiy

Onth
s probably have

Another f a c t o r that great ly a f f e c t s p e o p l e ' s exposures i
ingest on a d a i l y basis. T h o u g h p e o p l e might not b
dust every day, but some p e o p l e tend to swallq;
chi ldren, on average, swallow more soil and
because pre schooler s o f t e n have close co
f r e q u e n t l y engage in hand-to-mouth
are also exposed to dus t s and soils.

they a c c i d e n t a l l y
iges t s some soil or

iers. Preschool
t age group. T h i s is

they p l a y and because they
school, teenagers, and a d u l t s

amounts.

pn
|f soil pica behpor.

ige of human act ivi t ie s . The most
io eat lar^^^|plbf soil. The reasons why some chi ldren

led "pi^||fp^or, is not known. S c i e n t i s t s have suspected
with nutritional d e f i c i enc i e s , p sy cho l og i ca l needs, and

of these l inks have been proven. Pica behavior is most
, but it can occur in older children and even in adul t s .

a stage of pica behavior is not known. S t u d i e s
occurs in as few as 4% of children or in as many as 21% of

1971, S h e l l s h e a r 1975, Vermer and F r a t e 1979). 1 5 Us ing
Imated as many as 33% of preschool children will have soil

;e luring their preschool years (Calabrese and Stanek 1998). T h e y
Ir 33 percent may overestimate the percentage of children with 1 to 2

'*••£'potentially exposed p e o p l e l i s t e d above, some workers in the VBI70 s tudy area
filally come into contact with contaminated soils. As an example , contractors and

u t i l i t y workers might work on job sites with contaminated soils. If these workers were to get the
soil s onto their hands, and then engage in hand-to-mouth activity, they too could be exposed to

15 T h i s means that as few as 4 or as many as 21 out of every 100 children might have soil pica behavior.
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the contaminants in the area.
ATSDR c a r e f u l l y evaluated the many d i f f e r e n t ways that p e o p l e in the V B I 7 0 s tudy area can
come into contact with contaminated soi l s , and the p u b l i c hea l th i m p l i c a t i o n s of this contact.
More in f ormat i on on the p u b l i c heal th s ign i f i canc e of the contaminated s o i l s is pre s ented later in
this report.
Eating home-grown produce
Another way p e o p l e in the VBI70 s tudy area can come int
eating f r u i t s , vegetable s , sp ice s , or other produce grown
contaminated soil. T h i s type of exposure occurs becaus<|
amounts of chemicals f ound in soils. Some of the abso
are ac tual ly good for humans to eat, but other chemical
f ound at high enough level s and if p e o p l e regularly consu
ATSDR and C D P H E have evaluated the exposure pathy$
summarized below.
When reviewing this pathway, ATSDR focu s e
other contaminants in the VBI70 so i l s either,
or are much less toxic than arsenic (e.g.,
and advice f rom the U . S . Department o f j p g r i c u l t
arsenic re s ident s in the VBI70 s t u d y j ^ l f woul
their home garden. T h i s analysis
eating home-grown produce is f«
The residi
p u b l i c
agencies wi
the f i r s t
explained how5$sheet i s p i ' "
the

int h ea l th hazardS : *lpey are
luce. For this reason, both

3me-grown produce, as

senic in produce . The
be absorbed by p l a n t s (e.g., l e a d )

ped by EPA (EPA 1 9 9 5 b )
DPHE es t imated how much

of the produce they ate came f r o m
ount q|prsenic that p e o p l e might ingest by

are known to cause h a r m f u l e f f e c t s .

in
f r i

•ea havi | fpp fDece ived two important f a c t sheets with
home-grown produce. In A p r i l 1999, while p u b l i c h e a l t h

isks for the V B I 7 0 site, C D P H E p u b l i s h e d and released
den produce can absorb soil c ontaminant s and

selves f r om these contaminants. A copy of t h i s f a c t
.ugust 1999, a f t e r p u b l i c h ea l t h agencies f i n i s h e d eva lua t ing

duce, ATSDR p u b l i s h e d and released the fa c t sheet pre s ented
informed res idents that it was s a f e to eat f r u i t s and vege tab l e s

ecause the amount of arsenic that these p l a n t s absorb is l i k e l y far
irm the p e o p l e who eat their produce.

Exposure Pathways
it in f ormat i on about an exposure pathway is missing or i n c o m p l e t e , ATSDR

c l a s s i f i e s it as a p o s s i b l e (or p o t e n t i a l ) exposure pathway. In these cases, not enough i n f o r m a t i o n
is available to conduct d e t a i l e d analyses of the amount of exposures to contaminants in areas
where p e o p l e live, work, and p lay. ATSDR has i d e n t i f i e d three p o t e n t i a l exposure p a t h w a y s for
the VBI70 site. The f o l l o w i n g discussion i d e n t i f i e s these pa thways and the mis s ing i n f o r m a t i o n .
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Ingesting or Touching Sediment and Surface Water
Rain water and snow melt can carry contaminants f rom the air and surface soil into local "surface
waters," such as drainage di t che s , creeks, streams, and rivers; some of the contaminants can then
s e t t l e into the sediments at the bottom of these waters. P e o p l e who p l a y or work in these waters,
in turn, can a c c i d e n t a l l y come into contact, or even swallow, small amounts of the contaminants in
the water and sediments. Recognizing this route of exposure, ATSDR gathered anj||feviewed
in format ion on contamination in sediments and surface waters in the V B l i ^ s t u d J p i f e a , as
described below.
Sediments. ATSDR i d e n t i f i e d only one s tudy so far that.;
s ediments of the local surface waters.16 T h i s s tudy was i
f o cu s ed on the sediments and surface water of the Sout
f l o w s through the V B I 7 0 s tudy area. During this study,|
one f rom where the river f l o w s beneath 1-70 (near the
h a l f mile ups tream f rom this locat ion, and one approxima.
location ( A p o s t o l o p o u l o s 1998). The sampl e s were ar
in c lud ing arsenic, l ead, and cadmium, but none werj

isured
I d u c t e d i f
U t e 1

Îment sample s
gum), one a p p r o x i m a t e l y one-

iiile downstream from this
ations of metals,

ected:

For two reasons, ATSDR cannot be certain
s tudy area has not reached p o t e n t i a l l y unhep fhy lev
1997 s tudy does not provide an e x t e n s i y j f t c c o u n i
The three samples might have been cJitc t ed
sediments. I f s o , t h e s t u d y ' s f i n d i j
throughout the S o u t h P l a t t e Rive
sediments in jhe other surfa.
d i t ch e s , \ s r f b t t more
sedimer
would p
l i k e l y f o r t h e

buld
second,

ita, i t i s i
Its . AT

: jn t h e j p f i m e n t s in the VBI70
ed s a m p l i n g during the

in the S o u t h P l a t t e River.
, with j j p a t i v e l y "clean" or re lat ively "dirty"

r e f l e c t l e^ f l s of contamination in the s ediments
SDR cqill not f i n d s a m p l i n g resul t s for the

s tudy area, such as creeks and drainage
to determine whether contaminated

notes, however, that contaminated sediment
: routinely contacted the sediments, which does not seem

ady area, as described below.
1 only one study so far—CDPHE's 1997 s tudy, which was
ivels of contamination in the surface waters in the V B I 7 0 s tudy
co l l e c t ed three surface water sampl e s f r om the S o u t h P l a t t e

s where sediment were sampl ed (see above).
;h some contan$pants have been detected in the South P l a t t e River, the residents in the

dy a r g a j p r e l y , if ever, come into contact with them. For exposure to occur, p e o p l e
sas£*£as Q r w a ( j e m th e S o u t h P l a t t e River—an activity that pre sumably occurs only

Surface
d e s c r i b j l ^ a b o v e — t h a t :
areaj|P:During thi s s t ud)
Rivlit in the same locat

16 ATSDR is invest igating whether or not studies of the S o u t h Pla t t e River have been conducted as part of
CDPHE's investigation o f th e nearby Globe ASARCO Plant Si t e .

17 ATSDR is also inves t igat ing whether or not studies of the South P l a t t e River have been conducted as
part o f CDPHE's investigation o f the nearby Globe ASARCO Plant S i t e .

21



during the warmer summer months, if at all. Since arsenic and l ead, the contaminants of concern
at this site, do not readily pass through skin, wading in the river will l i k e l y not result in any
exposure to these chemicals. To be exposed to the chemicals in the water, re s ident s would have
to swallow river water a c c id en ta l ly , but the l i k e l i h o o d of this h a p p e n i n g is extremely low.
T h e r e f o r e , s i gn i f i can t exposure to the contaminants that were de t e c t ed in the S o u t h P l a t t e River
seems unlikely.
Another p o s s i b l e exposure occurs when residents come into contact witl
drainage di tches , streams, and p u d d l e s in the V B I 7 0 s tudy areji. For i
however, s i m p l y coming into contact with these surface wa j l t i t vou l c
unless the res idents a c tua l ly drank f r om these waters, w
this, it is u n l i k e l y that surface water could be a s i g n i f i c a i
the V B I 7 0 s tudy area.

F.ter in
stated above,

exposure,
e caus eo f

Drinking groundwater
The groundwater beneath the VBI70 s tudy area has
to inves t igate po t en t ia l groundwater contamination.!
however, l eve l s of contamination in the ground,
f u l l y evaluating the pub l i c heal th s igni f i canc
ATSDR notes, however, drinking w a t e r j f f a l l re s i j
surface waters f rom the nearby Roc
the V B I 7 0 s tudy area were cont
contaminated groundwater. No:
g r o u n d w a t e r , j C o n t a m i n a t i o r u A e i § l l e n c e o f :

n

i f T h e r e f c
unli

Breathif^
The contamini
processes. F<
driving on;|ika"ways
re la t iv e j |Niry climate an|
the \||i70 study area th;

through open do;
te the amount ol

has s tated that it p l a n s
U n t i l then,

t ing A T S D R from
ntamination.

170 s tudy area is drawn f r o m
even if the groundwater beneath

' that r e s id en t s would ever drink the
uate the p u b l i c h ea l th s i g n i f i c a n c e of

becomes avai lable .

ho;

JI70 s tudy area can become airborne by various
low f i n e soil and dust p a r t i c l e s into the air, as can cars

smairamounts of dust and d ir t . Because the Denver area has a
ic, du s t s and surface s o i l s can become airborne more e a s i l y in

ier part s of the country. T h e s e airborne contaminants can enter
open windows, and air intake vents. U n f o r t u n a t e l y , ATSDR cannot

fo taminant s in the outdoor or indoor air in the V B I 7 0 s t u d y area,
se no air moniJipng data are available for this part of Denver.

les exist atop contaminated soi l s , the contaminants can s l o w l y accumulate in
crawlspace beneath a house, and they can even enter homes through air intake vents,

if any are located in the crawlspaces. In these cases, p e o p l e in s id e the ir homes can be exposed to
small amounts of contaminated du s t s that come from their crawlspaces. In general, th i s t y p e of
exposure occurs to the greatest extent for contaminants that r ead i ly evaporate (such as g a s o l i n e ) ,
and occurs to a much lesser extent for those that do not r ead i ly evaporate (such as arsenic and
l ead , the main contaminants of concern for this site). Because no s a m p l i n g s t ud i e s have measured
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l evel s of contamination in either crawlspace air or indoor air, ATSDR cannot determine whether
this t y p e of exposure is ac tual ly occurring in the VBI70 s tudy area.
As noted above, no agency has co l l e c t ed indoor or outdoor air sample s at the VBI70 s tudy area.
A f t e r EPA f i n i s h e s inve s t igat ing l eve l s of contamination in so i l s , it will d e c ide a f o l l o w - u p
inves t igat ion of air p o l l u t i o n in the s tudy area is necessary. ATSDR will review data generated by
such s tudie s , if they are conducted.
Patterns of arsenic and lead contamination in the VBI70 sgidy are>
As discussed previously, ATSDR has found that soils cor
the greatest p u b l i c health hazard at the VBI70 site. Foc||
has evaluated how l eve l s of lead and arsenic vary from
T h i s evaluation was necessary to determine whether the
s u f f i c i e n t and whether the s tud i e s should be expanded
nearby areas. The f o l l o w i n g discuss ion reviews ATSDI
contamination throughout the V B I 7 0 s tudy area.
Lead distribution in the study area
The phase I and II sampl ing data, which i
excel lent account of how levels of lead j i u r f a c e
an example , F i g u r e 12 in A p p e n d i x
locat ions with the highest lead c o n j a t i o n s ,
lead concentrations as l igh t c i r c l e J | p ; F r o m
leve l s of leadan soi l s (or th^arft circles
neighborhell land the 1
the Swa
to decrease

|ayton1
/e l s e

As f u r t h e r ore
Phase I
Figure^shows, the sa
the ||ijpy area than those
conl lhtrat ion ranges in

pre s e j•*»•»:•»?»»»:•:•:•:•:•;•:•:•>.. ' ' " ' " 'itar
the
soil s a m p l i n p i p a i e s were

' i l contamination i n other
l eve l s of soil

?|500 p r o p e r t i e s , provide s an
out the VBI70 s tudy area. As

II s a m p l i n g r e su l t s by showing the
and the locat ions with the lowest

d is r e a d i l y apparent . The higher
equently in the Elyria and C o l e

r the l i g h t e r c ircle s) occur more f r e q u e n t l y in
words, the l eve l s of lead in surface s o i l s appear

70 study area.

reviewing
icntic

rent tre l |pFigure 13 in A p p e n d i x I presents a similar account of the
jut uling d i f f e r e n t concentration ranges to d i s p l a y the data. As

end is a p p a r e n t — h i g h e r levels of lead in the western portion of
pastern port ion. T h e r e f o r e , the somewhat arbitrary choice of

f i g u r e s appear s to have no bearing on the data trend.
sampl ing result s , ATSDR i d e n t i f i e d other notable data trends that

•:•:•:>•/e highest soil concentrations of lead observed in the VBI70 study area during the
phase I and n s a m p l i n g occurred at three proper t i e s located within 1,000 f e e t of the
former Omaha-Grant smelter. F o u r of the f i v e highest l eve l s came f rom sample s taken
below the surface (see A p p e n d i x I, F i g u r e 15). T h i s trend indicate s that s i gn i f i can t lead
contamination in subsurface so i l s might occur near the former smelter.
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S u r f a c e soil s a m p l i n g data f r om the G l o b e v i l l e community show a d i s t i n c t i v e north-south
trend in soil lead concentrations, in a d d i t i o n to the east-west trend discussed above. As
F i g u r e 16 in A p p e n d i x I shows, re lat ive ly lower lead l eve l s were f o u n d in the northern
por t ions of G l o b e v i l l e , while re la t ive ly higher lead l eve l s were f ound in the southern areas.
An intere s t ing observation is that the variations in zinc concentrations in surface s o i l s (see
F i g u r e 14 in A p p e n d i x I) throughout the s tudy area is quite s imilar to the v a j i t t i o n s in lead
concentrations (see F i g u r e s 12 and 13 in A p p e n d i x I).
The maps show that the industrial area near the cen
been extensively s a m p l e d . T h e r e f o r e , l evel s of co.
unknown.

In review, the trends d e p i c t e d in Figure s 12, 13, and 16
data have extended to the north and the east to regions o
a result, ATSDR can be reasonably conf iden t that unusuj|
contamination do not occur in areas f u r t h e r north or ea i f than i
VBI70 s tudy area. However, the available s a m p l i n j
contamination does not exist south and west of J
lead contamination might exist south of Ma
Fox S t r e e t / B u r l i n g t o n Northern Railroad,.:;
s a m p l i n g e f f o r t s .

at the current s o f i p p l i n g
iwer lead concentrations. As

of r e s ident ia l soil lead
iQundaries of the

that s i g n i f i c a n t soil
areaW||pther words, s i g n i f i c a n t

!.ulevar<$151ake S t r e e t and west of
I b e e n t e s t ed b y E P A ' s

Lead distribution at several prop\
Because of
evaluate l j
also s
l eve l s throi
f a c t or s that ni
construction
the d i s t r i r f f pat!

.•SSS^'

Arsemj? distribution in t

tog efrbr||||^|gilperties in the s t udy area, it is p o s s i b l e to
those and in some of the a d j o i n i n g yards that EPA

l eve l s o T f e a d g enera l ly show cons i s t ent elevated lead
s s ib le migration of lead onto a d j o i n i n g p r o p e r t i e s . Other

lead l ev e l s at proper ty l ines in c lude pas t
f or instance. The map in A p p e n d i x I, F i g u r e 17 , shows

proper t i e s with elevated lead l ev e l s in soi l .

)R also eva lua t ed jpbw soil concentrations of arsenic vary f r o m loca t ion to l o ca t i on in the
study area. j y p K k e the f i n d i n g s for l ead, no obvious p a t t e r n s in arsenic concentration were

18 in A p p e n d i x I). As F i g u r e s 19 and 20 in A p p e n d i x I show, more elevated
fs of arsenic (greater than 300 p p m ) were observed in the Swansea neighborhood

neighborhood; however, more soil s a m p l e s were co l l e c t ed in Swansea when
compared to Clayton . When correcting for the number of s a m p l e s that were c o l l e c t e d , ATSDR
found no underlying trend to e x p l a i n how soil concentrations of arsenic vary throughout the
VBI70 s tudy area.
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Perhaps more important is the fact that EPA's sampling detected relatively high levels of arsenic
at residences very close to the boundary of the VBI70 s tudy area. T h i s trend gives ATSDR
reason to believe that elevated arsenic concentrations might occur in areas beyond the current
VBI70 s tudy area. Figure 23 in A p p e n d i x J shows the p o p u l a t i o n dens i ty for the neighborhoods
surrounding the VBI70 s tudy area. Based on this map, areas with unknown, but p o s s i b l y
s i g n i f i c a n t , arsenic contamination in so i l s include:
• Residential neighborhoods south and west of the s tudy area, thatJI^soutJfflf Martin

Luther K i n g Boulevard/Blake Str e e t and west of Fox |ltreet/BuJi^i|Porthern Railroad
• Residential neighborhoods east and southeast of
• The industrial area in the central por t ion of the
Arsenic at several properties in the study area

the proper ty line of the ad jo in in;
proper t i e s were lower than tho;
migrated in t& th e adjo in!

nstrui
intensively
based on

; a l t h
bm the

as p
may

Because o f EPA's intensive s ampl ing e f f o r t a t eight
di s t r i bu t i on of arsenic leve l s in soil at those pro;
di s t r i bu t i on hi contaminated proper t i e s is ge:
one exception. That exception wil l be discussed lai
EPA col lec ted intensive soil sample s f||m a d j o i n p g propi
sampled proper t i e s . At f i v e o f t h o s j f | p p r o p e j p e s , eleva

j b l e to evaluate the
oition, arsenic

those proper t i e s with

>r six of the eight intensively
arsenic l ev e l s in soil were found at

p p e r t i i
and

the ar s jpc l ev e l s in soil f rom the ad j o in ing
linal p j K $ l i r t i e s . The arsenic might have

water r u n o f f or in some cases past
;d the movement. The informat ion below is

j y e l s — t h e average arsenic level at one of the eight
to the average arsenic level in an a d j o i n i n g prop er ty ,

Id II sample s:
proper ty b

tensive sample!
& . A d j o i n i n g proper ty based on

intensive sample
A d j o i n i n g proper ty based on

Phase I and II sample s 1 8

2,364 ppm 518 ppm 74 ppm
and 25, are maps of two proper t i e s showing soil arsenic l eve l s in

!s. Again, a l though some a d j o i n i n g proper t i e s may have become
highly contaminated prop er t i e s , the arsenic l ev e l s in the ad jo in ing proper t i e s

are lower. T h i s phenomenon is important when evaluating the p o s s i b i l i t y of harmful e f f e c t s
occurring in soil pica children and in pr ior i t i z ing propert i e s that should be sampled again.

18 It should be noted, however, that the average arsenic level f rom phase I and II may not be an accurate
measure of arsenic levels throughout the property.
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W h i l e proper t i e s that are highly contaminated with arsenic genera l ly have high arsenic l e v e l s
throughout then- yards, some yards have patches of high arsenic contamination (see A p p e n d i x
K, Figur e 26). T h i s pattern of patchy arsenic contamination becomes important when
children's exposure to arsenic in soil is evaluated hi relation to where ch i ldr en might p l a y in
yards.
The public health significance from exposure to contaminants
In evaluating the pub l i c health s igni f i cance f rom exposure |
ATSDR evaluates how and when p e o p l e get exposed to
a site. T h i s evaluation i d e n t i f i e s where chemicals are i
the environment, how p e o p l e come into contact with
is l i k e ly to get exposed from that contact. Each way
pathway and p e o p l e quite o f t e n are exposed to chemic
VBI70 site, ATSDR evaluated or considered the f o l l o w
a exposure to contaminants of concern by diffe
§ total exposure to contaminants of conce
E sensitive groups.

Plhe V B I 7 0 s i t e ,
i d e n t i f i e d f o% : :move i n j i f

ir enC'™""'"""""""""""""
;et exposed"

i f f e r e n t pa thways

T h i s part of the health assessment wi l l
could have elevated l eve l s of exposun
experience harmful e f f e c t s f rom thj||pposu
concern are arsenic and lead.
Human sh

4Numero
contaminate
p e o p l e in T a i w ;
contaminati
years o l d j l i f a r m f u l
these J p i i d r e n but were
Be

fects of\

it whether or not p e o p l e
ier or not those p e o p l e might

5tI70 s i t e , the two contaminants Of

i c op l e were exposed to arsenic through dr ink ing
ies wi l l be described here. For instance, 40,000

for up to 45 years f rom drinking arsenic-
ibusand members of the group were c h i l d r e n under 10

rinking arsenic-contaminated water were s e ldom seen in
idul t s who drank contaminated water for decades. In Wes t

i ldren were exposed to arsenic in drinking water. The W e s t
estimate the level of arsenic exposure in ch i ldr en that caused harmfu l

of arsenic exposure that was not l i k e l y to cause harmful e f f e c t s ,
n in children were hyperkeratos i s and h y p e r p i g m e n t a t i o n of the skin. 1 9

19 Arsenic-induced hyperkeratos i s is a skin condition found most o f t e n on the f e e t and palms. Many
small depres s ions occur in the skin with small , hard, outgrowths of skin in the center of each depress ion.
H y p e r p i g m e n t a t i o n of the skin occurs as brown areas on the skin around the e y e l i d s , t e m p l e s , neck, n i p p l e s , and
groin. In severe cases, pigmentation may cover the chest, back, and stomach. It sometimes appears as m o t t l i n g on
the skin and has been described as looking like raindrops. If mot t l ing occurs, it is more frequent on the chest,
back, and stomach.
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In C h i l e , another group of p e o p l e including children was exposed to arsenic through drinking
water. In addi t ion to hyperkeratosis and hyperpigmenta t ion, some children showed patches of
skin with less pigmentation accompanied by scaling of the skin. For these skin e f f e c t s to
occur, exposure to arsenic in drinking water had to take p lac e for many years. ATSDR's
evaluation of the p o s s i b i l i t y of arsenic causing harmful e f f e c t s is based on these and other
human studies (ATSDR 1998).
Children with soil pica behavior and the possibility of non-cancerous
arsenic contamination in the VBI70 study area
C h i l d r e n who live on or visit arsenic-contaminated yai
and dust through hand-to-mouth act ivi ty. 2 0 From ham
ac c id en ta l ly swallow about 25 to 50 mi l l igrams of soi
hands and f i n g e r s . 2 1 Some chi ldren, however, accide:
soil and dust each day from hand-to-mouth activity. 2 2

preschool chi ldren p u r p o s e l y eat soil. T h i s behavior
which is the ingestion of non-food items. For the pu
this type of ac t iv i ty as soil pica behavior and to
chi ldren t y p i c a l l y eat about 5,000 mil l igram:
l ik e ly eat soil anywhere from a day or tw
several days a week for several weeks.
Knowing the level of arsenic in sq||
mi l l i grams of soil or dust a l l ow s
exposed to each day. Since |he
summer, so$|| yards
spar s e ly bar

;nver an
rass cov

J d a l l o

s of
accidental ingestion, some

as pica behavior,
ATSDR wi l l r e f er t o
;hildren. S o i l p ica

tune, they could
ing soil p e r i o d i c a l l y for

ren swal low up to 5,000 to 10,000
much arsenic ch i ldren might be

hvironment, par t i cu lar ly in the
teas in the yard with bare soil. The s e

n with soil pica behavior easy access to
havior is more l ik e ly to be a problem during the warm

ikely to p l a y outside.
a r n i c at the VBI70 site is bound to very small dirt par t i c l e s

^smaller par t i c l e s might a l low for greater contact with the
le gu t) and may increase absorption into the body. However,

Id t i g h t l y to soil and dust in some instances, some arsenic may
absorbed throug jp th e intestinal tract into the body. T h e r e f o r e , in these cases, actual

Based on c|
(EPAug^ed). Beiril
lining|pF intestinal tract!

ie arsenic could

nouth activity occurs when children put their hands in their mouth or when chi ldren suck

21 Twenty- f ive to 50 mil l igrams of soil and dust is about 1 / 1 6 of a teaspoon.
22

23

Two hundred mi l l igrams of soil and dust is about 1/8 of a teaspoon.
F i v e thousand mi l l igrams is 1 tablespoon.
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exposure could be less than expected. Other things that might a f f e c t the amount of arsenic that
is absorbed into the body are the contents of the intestinal tract f rom f o od and the time f r om
the last meal. Thes e competing fa c t or s cause some uncertainty in e s t imating how much arsenic
a c t u a l l y gets into the body.
For children with soil pica behavior, the amount of exposure d ep end s upon the level of arsenic
in the area of the yard where they grab a hand fu l of soil. Since it is p o s s i b l e t h j i l b i l p ica
chi ldren could p l a y in areas of a yard that have the highest level of co
uses the highest level of arsenic found in the yard when es t imating e.
children. Current ly, the highest level of arsenic in soil
been tested in the s tudy area is 4,798 ppm. When we L
behavior, about 30 properties exist in the study area
sometimes many soil sample s that are h igh ly elevated j
cleaned up contaminated s o i l , the same risk exi s t s for
arsenic in those 18 proper t i e s was 16,176 ppm. 2 5 It w;
contaminated proper t i e s to f ind very high l eve l s of an
thousands of ppm arsenic.
No heal th gu ide l ine ex i s t s for evaluating sho:
uses direct comparison to human s tud i e s ,
contaminated proper t i e s , the amount of j p p o s u r e
human studies where serious heal th e f j f t t s w e r e j f j f o s e r v
symptoms if a soil pica child ate h i J l l i contagpiated soi
on the l ining of the gut. For ci
occurs s e v e j f i L times a
signs andiilllams

i n a j p i h , A T S D R
pbr soil pica

ies that have ,,..., . mft soil picai?:,. r ,::S;?

resell
at the

urrentl
opert ie s

hi ldren. The
on at these h i g h l y

the yard, o f t e n in the

-,has
level of

T h e r e f o r e , A T S D R
iehavior at these h i g h l y

s imilar to exposures in
most l i k e l y s igns and

ould be nausea, stomach cramps,
vomiting, and diarrhea.27 T h e s e j | | t f f i e f f e j l f m o s t like|y result f r om a direct e f f e c t of arsenic

ropert ie s where soil pica behavior
and symptoms might occur. T h o s e

i is based upon sample results f r om the Phase I and II, c on f i rmat i on , and intensive
Eted by EPA in 1999. Thes e numbers are l i k e ly to go up when Phase III soil data are

At some of the other 18 proper t i e s , the highest level f ound at d i f f e r e n t proper t i e s was 11,785 ppm;
4,798 ppm; 4514 ppm; 3,046 ppm; 2,976 ppm, etc.

26 Short-term exposure refers to exposures la s t ing from 1 day to several months or several years.
27 Diarrhea is frequent, loose bowel movements.
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laryngit i s , 2 8

sore throat,
rapid heart beat,
severe nose bleeds,
liver damage, and
lowered white c e l l s in the blood (Armstrong 1984, ATSDR 1998, Franzb lau 1989,
Mizuta 1956).

Since many of these signs and symptoms are common in ct
po s s i b l e to use the previous l i s t to determine if a soil pic<]
heal th e f f e c t s .

f t a u s e s , it is not
^arsenic-indue

S u f f i c i e n t in format ion about arsenic in soil is availabl
the confirmation sampl ing round and for the 8 propert:
sampl ing rounds t o t a l i n g 63 propert ie s . T h e r e f o r e , it is
s i gn i f i canc e of arsenic contamination in those 63 prop;
sampled in phase I and II, however, do not have s u f f i c i e n t i
determine whether or not arsenic l eve l s are safejg||j||||ul for cl
behavior.
Children with typical soil intake and th
arsenic contamination in the VBI70 sti
Using s imple mathematics, A T S ,
children with typical soil ini
T h i s information is then

Adults and i
VBI70 st

the ^properties of
I r e p a r t o f r n e i n l l i v f

evaluate the pub l i c heal th
the 1,500 proper t i e s

out arsenic in soil to
soil pica

health effects from

range of arsenic exposure for
who l ive in the V B I 7 0 s tudy area,

ibsure l eve l s i d e n t i f i e d in human s tudie s ,
re that might occur at the more highly

typ i ca l soil intake l e v e l s are not l i k e l y to experience
lie in soil.

'on-c$Jjderous health effects from arsenic contamination in the
area

couk

^ ATSDR and EPA||[d::iiot have a heal th guide l ine for short-term exposure to arsenic,
^TSDR and E P A J p a v e the same health gu ide l ine for long-term exposure to arsenic.29

) R ' s health g u i d j p i n e i s ca l l ed a Minimal Risk Level ( M R L ) , a n d E P A ' s health guide l ine
a Refere]»sfP : Dose (RfD). An MRL or RfD is an exposure level below which you

observe harmful hea l th e f f e c t s . It is important to note that the MRL and
ptb non-cancerous e f f e c t s and cannot be used to determine whether or not p e o p l e

l ev e l op cancer (ATSDR 1998).
28 Laryngitis is a redness around the larynx and o f t e n leads to a hoarse voice.
29 Long-term exposure refers to exposures for many years.
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Since we can also estimate how much soil adul t s a c c id en ta l ly swallow each day, it is p o s s i b l e
to estimate the exposure to arsenic for adu l t s who live in the s tudy area. At the two p r o p e r t i e s
in the study area with the highest average arsenic l eve l s , the amount of arsenic exposure to
adu l t s j u s t barely exceeds A T S D R ' s M R L a n d E P A ' s RfD. 3 0 T h e estimated amount o f arsenic
exposure in adult s at these two propert i e s is well below the level where no harmful h ea l th
e f f e c t s were observed hi the Taiwan study. The Taiwan study is thought to be one of the best
s tudies available for evaluating the human health e f f e c t s f rom long-term exposur||tb arsenic.
T h e r e f o r e , it is unl ike ly that the adul t s at these two proper t i e s hi the ^IgO s j l l y area w i l l
experience non-cancerous harmful e f f e c t s f rom arsenic in so l (ATSIiii f c l f ! T h i s same
conclusion a p p l i e s to other proper t i e s with lower l eve l s
For long-term exposure in adults and children with t y l i l l soil ini
evaluate arsenic exposure at 63 proper t i e s at this time
available . The EPA should have environmental data
approx ima t e ly 3,000 propert i e s that were not prev iou s ly
that they p lan to resample some of the 1,500 proper t i i
I and II sampl ing rounds.

A T !
ta that are

January 2,000 H l P i l u a t e
The EPA has also reported

i p l e d as part of the phase

People who live in the VBI70 study area and4

There is convincing evidence f rom a la$$Fhumbei
arsenic causes cancer. These human ,•;.aresenic-contaminated drinking wa|||prom
arsenic hi the workplace. ArsenlUM dri

The type s o f31 Squi
;psi s is

hile

skin cancer.
cell carcim
where
areas of
Arsenic ma
larynx, kidneys
A T S D R i s ,
humam^$irsenic has
as expisures la s t ing a If

i n y j i v e p e o f
is and case reports that

were exposed by dr inking
11 medicat ions , and f r o m breathingg arseruj:

water aj||! :medications has been shown to cause
s.ee|pire squamous cell carcinomas and basal

!y occurs at the same locat ion on the skin
carcinomas t y p i c a l l y arise f rom u n a f f e c t e d

the main type of cancer caused from arsenic exposure,
icer, such as, cancer of the l u n g s , b l a d d e r , breast,

artment of H e a l t h and Human S e r v i c e s , which
c l a s s i f i e d arsenic as a known cancer-causing agent in

to cause cancer in p e o p l e exposed for 10 to 20 years as we l l
T S D R 1998).

and children wrtlive on the most h igh ly contaminated yards have es t imated exposure
llf to arsenic that j|§ similar to those exposure l eve l s in human s tudie s that have been

: soil at these two propert ie s was cleaned up by EPA in 1998.
31 Squamous cell carcinoma of the skin is a l o c a l l y invasive skin cancer that arises f r o m the squamous

ep i the l ium layer in the skin and that has the a b i l i t y to travel to other part s of the body.
Basal cell carcinoma of the skin is l o c a l l y invasive skin cancer that arises from basal c e l l s in skin. It rarely travels
to other parts of the body.
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shown to cause cancer. The amount of arsenic exposure varies over a person's l i f e t i m e .
Because of the potential to ingest so i l , the potent ial for exposure to arsenic in soil is highest in
preschool and elementary-age children. Because teenagers and adul t s have less soil ingestion,
their exposure to arsenic in soil would be less.
Another way to evaluate the cancer-causing po t en t ia l f rom arsenic in soil is to usexmathematical estimates. The EPA sugges t s a mathematical method for e s t i m a t i n j p l h e
increased risk of cancer that p e o p l e might theore t i ca l ly have based on J l c o s u i l f s u c h as
arsenic. For the VBI70 study area, the risk is estimated byjcaking
s o m e o n e ' s yard and to estimate the amount of arsenic exr^pife throii
T h i s mathematical estimate is used to estimate cancer r^pwhen arse^
below the exposure level s shown in human studies to cllse c a n c e j j P f here
in this mathematical estimate for several reasons.

•^ arsenic level in
i c o n e ' s l i f e . ,,.:evels are JPS

The mathematical model assumes that the risk is
decreases, the risk decreases at the same p r o p r j
The human body may be able to metabolize artenic wlli|l
not harmful to p e o p l e .
The Taiwan study may have made
arsenic.
The nutrition of p e o p l e in the T||pan
body.
P e o p l e in the Taiwan smdV|||p have bje'n expo s e f* to arsenic in other ways besides
j u s t drinking water ( A T S j | f § 9 8 ) . j f ' "

is, as the exposure level
:s are low so that it isP

thelpBunt of exposure to
P: arsenic is handled by the

In addi t ion,
s a f e if tt
amounts^
is s t i l l being"

tiese pointy
of e>

l igh t
long

exposure to small amount of arsenic are
slow a f i f o r cancer. That i s t o s a y that small

mcer (Stohrer 1991; Abernathy et. al. 1996). T h i s topic

In deciding^
contami|$iect yards aP
po t er^ l f expo sure , pei
live^Based on those a:

of the 63 propei
ig round. It ij

leorenpal risk of cancer exi s t s for p e o p l e who live on arsenic-
s tudy area, ATSDR assumes that during 30 to 70 years of

A c c i d e n t a l l y swallow small amounts of soil throughout men-
t ions, there is a s i g n i f i c a n t theoretical increase in cancer risk at

that were part of the confirmation sampl ing round and the intensive
>t p o s s i b l e at this time to estimate the theoretical increase in cancer risk

s m a i n i n g j l p b s t 1,500 proper t i e s in the VBI70 s tudy area that were part of phase I
inds. EPA's phase III soil s ampl ing round, which wi l l b e ava i lab l e in

ituce s u f f i c i e n t information to estimate the po t ent ia l cancer risk for residents
who l iv e ' on th e proper t i e s sampled.

32 It is not po s s i b l e to know whether or not the risk is linear because no data exist to prove or disprove
this assumption about the linear risk.
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Possible health effects in children and adults from exposure to lead in the VBI70 study area
Several of the 63 proper t i e s with s u f f i c i e n t soil data had elevated l eve l s of lead in surface soil.
The four proper t i e s with the highest average lead l eve l s were cleaned up by the EPA in 1998
along with several other proper t i e s with elevated lead l eve l s in soi l . 3 3

Exposure to lead in soil occurs in the same manner as described previous ly for e jposure to
arsenic in soil. Preschool children have the greatest amount of exposuMjbecai l^ of their
frequent contact with soil and because of their hand-to-moujh activit
with lead-contaminated soil at the more h igh ly contamii
1998 might have increased blood lead l eve l s in some pr
have caused harmful e f f e c t s involving the brain and n e j j
as 10 Aig/dL have been shown to cause the f o l l o w i n g
a neurobehavioral e f f e c t s

decreased inte l l igence
developmental de lay

& growth
decreased stature

s endocrine e f f e c t s
altered vitamin D meta

lire f r o m contact
cleaned up i

and mig

blood e f f e c t s
»es in

D

These e f f <
lead levi

)9, CDC February 1991).
preschool ch i ldren who l ived at p r o p e r t i e s with h igh

rom contaminated s o i l , chi ldren can also be exposed to other
lude lead-based paint in houses bui l t b e fore 1978, d i e tary l e a d , l ead-

occupations and hobbies, l ead-containing ceramic ware and
name a few (CDC 1977).

33 The average level of surface soil lead in those f o u r proper t i e s ranged f rom about 1,000 ppm to 1,700
ppm.

3 4 //g/dL means micrograms lead per 100 m i l l i l i t e r s of b lood.
32



Lead-based paint in homes is a s igni f i cant source of lead exposure for U.S. children. About
80% of homes bui l t in the U.S. be fore 1978 s t i l l contain some lead-based paint. The o lder the
house, the more l ik e ly it is to contain lead-based paint and to have a higher concentration of
lead in paint. Hous ing built be fore 1950 poses the greatest risk of exposure to children (CDC
1977).
Based on confirmation samples , several proper t i e s currently have average lead lej||Js in soil
between 400 and 1,000 p p m . In add i t i on , the intensive sampl ing roun4 w h i c h j p l f n p l e d some
proper t i e s up to 15 f e e t from the proper ty line, i d e n t i f i e d several progf|||||̂  high l e v e l s of
lead in soil. Because of the l imited sampl ing of these (adj|||ing) pû ^̂ |̂§ the intensive
round, it is not p o s s i b l e to determine whether or not l e a d j f p t o i l at thĉ ^^ îes could har
c h i l d r e n ' s health.
As for the 1,500 proper t i e s sampled in phase I and II, f
information about lead in soil to determine whether or'
children. E P A ' s phase I I I soil data should provide i n f o j
al low ATSDR to evaluate the p o s s i b i l i t y of harmful
Properties that refuse to allow dean up
Three proper t i e s at the VBI70 s tudy area
contaminated soil. The level of arsenii
in soil pica children who live at the.
In addi t ion, preschool and elemen|l|page
exposed to arsenic at l ev e l s t h a t J P e been
Question

4
A T S D R
a v a i l a b i l i t y
were raised
referred

ierties do not hl i i lWicientX * J S ? S S " 'ivel s are s a f e or harmful for
,000 proper t i e s that wi l l

re to lead in soi l .

to clean up arsenic-
could cause harmful e f f e c t s

proper t i e s and p l a y in the yard,
e at these propertie s could be
cancer in human.

3.

immunity representatives many times and have had one
ig those meetings, heal th and environmental questions

s in i t a l i c s , f o l l o w s the question. Some questions were
•al, state, or local agency.

exposure to contaminants in their yard?
team developed a handout that shows residents some simple steps

reduce or stop exposure to contaminants in soil (see Appendix. L).

washing hands frequently,
removing shoes before entering homes,
washing fruits and vegetables,

35 An ava i lab i l i ty session is a meeting that is held in a community so that residents can come and talk
one-on-one or in small groups with ATSDR employees.
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2.

3.

5.

• washing dogs,
• damp mopping floors, and
• damp dusting counters and furniture.
What is the meaning of environmental and heal th terms that might be used during team
meeting?
The community representatives asked that government officials
not understand all the technical terms and government jargon,
when talking about the VBI70 site. ATSDR staff
officials worked with community members durin{of technical terms was limited. When technical,

for the members of the team. ATSDR staff me\
community representatives to help them unders>
used to make public health decisions.
Community representatives would like to havi
present ing messages to the community. Cqj
the meetings with the community.

awargjjKat they might
'quently used

vernment
that the mjj!

redefijjidgfrocess

in d e v e l o p i n g and
also want to set up

unity abo
was it

monitored.
neighborhood
writing.

Agency members of the VBI70
with technical issues and agree
part of setting up meetings
community representative
For example, when
area, ATSDR sta

mity representatives
Natives should be an integral

they members also agreed to help
Renting messages to the community,

'on gardening in the VBI70 study
members to develop the fact sheetfthe residents to answer questions about

"community representatives as they wrote and used
for Swansea and Elyria.

that there is an old landfill in the C l a y t o n
at someone provide more in format i on in wri t ing to the

i l l . Some issues about this landfil l are (A) where is i t , (B)
cre environmental data on the landfill, (D) can it be

mmunity representative said that Adams Str e e t in the C l a y t o n
buil t on top of the l a n d f i l l . It is important that the in f ormat i on be in

ira O'Grady, the site lead for CDPHE, said that CDPHE will respond to this
'Ms. O'Grady said that Mr. GlennMalloy (303-692-3445) or Mr. Peter Laux

(303-692-3455) with CDPHE's Solid Waste Unit might have answers about the landfill.
Also, Ms. Celia VanDerLoop (City and County of Denver) said that she may also have
information about landfills in the neighborhoods.
What industrial processes are currently going on at the A S A R C O f a c i l i t y in G l o b e v i l l e .
Community representatives would like to have an e x p l a n a t i o n of the chemical processes
involved, p a r t i c u l a r l y as it relates to emissions. There is a question about what is
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meant by a process for high puri ty metals.
During the investigation, ASARCO officials conducted a tour of the ASARCO Globe
facility to allow government officials and community representatives to become familiar
with the facility. In addition, ATSDR learned from ASARCO representatives that
currently the facility produces bismuth products,36 litharge,37 highly purified lead, and
tellurium.38 Small amounts of highly purified "specialty metals" are also jmpduced.
Specialty metals produced during the last year include cadmiurmjelluridiJicadmium
sulfide, lead telluride, zinc telluride, and high purity copper <
Community representatives asked several q u e s t i p j
e f f e c t s were increased in the community. EXJ
asthma, respiratory ( l u n g ) di sease s , skin rashes
stomach problems, chi ldren in r e m e d i a l / s p e c i z
children? Community representatives also expi
f o l d increase of cancer of the larynx and kidney xleukemia?

rous heal th
incluc

iout whyj;
is of non^f fhcer
lyroid J p a i s e , kid?

classes , and
Igern about there being a two-

lunity and an increase in

8

ATSDR does not know whether or not tl
mentioned are greater than expectec,
or not to determine cancer and natjicancerc
will be made at a later date.
The community wants to
doctors based on the h
soil. ^Community
d o j J l l s o they

cated

as a

ts and no^^erous effects
Denver. JjHecisions about whether

%r the VBI70 study area

low what questions to ask their
f rom exposure to contaminants in

the VBI70 health team to educate
vould be w i l l i n g to test for certain e f f e c t s .

Agreement with ATSDR to conduct health education in
vorking with community representatives on these

fphysicians has been drafted to inform them of the
icies Continue to work together with community representatives,

started.
par||?cadmium per mi l l i on parts soil (70 ppm cadmium) establi shed as a

Globev i l l e?
developed the 70 ppm cadmium clean-up number for the Globeville

Hite, ATSDR has referred this question to CDPHE staff members.

36 Bismuth is metal like lead and arsenic and is used in making pharmaceutical products (for example,
Pepto Bismol). It is also used in industrial processes.

37 Litharge is an oxide of lead made by heating me ta l l i c lead.
38 T e l l u r i u m is a nonmetall ic element similar to sulfur. It has a number of industrial uses, for example, as

part of stainless steel and iron castings as well as a coloring agent in glas s and ceramics.
35



In a le t t er dated March 24, 1999, ATSDR informed EPA of several questions and concerns
that community representatives raised during meetings with ATSDR staff members. The
questions and concerns are l i s t ed below:
• A better understanding is needed of the sampl ing methods EPA used at the V B I 7 0 site.

More s p e c i f i c a l l y , what is the d i f f e r e n c e between a composite versus an a^grage and
how wil l the d i f f e r e n c e between the two be used in EPA's risk assessmej

• Why did EPA not sample for cadmium and zinc?
& Why were certain houses dele ted from the l i s t of 1
a A better understanding is needed of EPA's risk ,
• What is the meaning of environmental and heal|

workgroup discussions?
ATSDR's l e t t er to EPA can be found in A p p e n d i x M.
Health outcome data
ATSDR sometimes evaluates health outcome
includes the results as part of its pub l i c hi
evaluated a f t e r the report is written. In t j p l r e p o r t
performed by EPA and will describe mitical tesi
Historical medical tests in the
During EP
immediai
high le
some of
hi urine and
were i d e n t i f l
residence;
T h e

te h ea l t f t^p sment process and
o ther j lme s , heal th outcomes are

i luate medical t e s t s
lans to conduct.

'by EPA
in 19j|i||||gie%tified 21 residences that required

l e v e l j j ^ f p l s e n i c (greater than 450 ppm arsenic) or
2,000 p p ' m l ead). E P A c o l l e c t e d b i o l o g i c a l s a m p l e s f r om

and measured lead l ev e l s in blood and arsenic l e v e l s
information f rom 17 of the 21 p r o p e r t i e s , 69 p e o p l e

#rticipl||p[ E P A ' s biological survey. F i f t e e n p e o p l e f r om 6
i p a t e f

iber of p a r t i c i p a f p l p i i f f e r e n t age groups are given below.
pre s choJi 1 children

teenagers
1
5
9

dis tr ibut ion of ages is important in int erpre t ing the m e a n i n g f u l n e s s of the re su l t s
since preschool children are l i k e ly to have the highest amount of soil intake.
EPA reported that no arsenic was found in the urine of p e o p l e t e s t ed . 3 9 EPA s ta t ed , however,
that 5 of the urine sample s had de tec t ion l imi t s for arsenic above the desired de t e c t ion l imi t of

39 The detection limit for arsenic in urine was as low as 10 / ^ g / d L for some sample.
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50 micrograms per l i t e r (//g/L), which l imit s the u s e f u l n e s s of these 5 samples . The f i v e
par t i c ipan t s refused to provide addi t ional sample s . The results of the remaining urinary
arsenic l ev e l s showed that those par t i c ipan t s did not have excessive exposure to arsenic at the
time the urine samples were c o l l e c t ed . Caution is needed when drawing conclusions about the
s a f e t y of arsenic in soil based on these urinary arsenic results. The reasons are as f o l l o w s :

par t i c ipant s came from only 6 proper t i e s ,
only 1 preschool c h i l d , the group most l ik e ly to be a f f e c t e d by
t e s t ed ,
blood sample s were co l l e c t ed in late fall or early
l i k e l y to be reduced,
blood sample s were co l l e c t ed at one point in ti
the extent of arsenic contamination in some y;
17 par t i c ipan t s is too few a number to represe:

was

.was nojpaiown
l o p l e in the

environment. When measuring
comes from the external enviro
through t h e h a i r ' s f o l l i c l e
makes it d & k l t to es
of hair
As for blood
100 m i l l i l i t e
Disease Q||ftr6l an<
dec idi iapwhen actions

reconune
' t h e geometric

y j S ( C D C October

As for hair arsenic l eve l s , it is not unusual to f ind smal
the par t i c ipant s in EPA's survey had arsenic in the
common reference value of 1 ppm. A level of 0.4
be c l i n i c a l l y s i gn i f i can t . Two of the remainin
desired detect ion limit of 1 ppm. Thes e twj
sample. Arsenic can be found in hair frojINwo paj
the body can become part of newly m a d j l h a i r a s j f e hair
arsenic in human sweat can becomejallnd to a||f part of

arsenic in hair. One of
ich is le s s than the

is not considered to
ere above the

ivide another hair
icnic that is absorbed into

econd, arsenic in dust and
ir d i r e c t l y f rom the external:els, it i s j p t p o s s i b l e to know if arsenic in hair

eing Incorporated into the base of the hair
ferent ways arsenic can get into hair

iarsenic in hair and to interpret the meaning

(C
, they ranged from 1 to 4 micrograms lead for each

geometric average of 2.2 / / g / d L . 4 1 The Centers for
!) in A t l a n t a has e s tabl i shed 10 ///dL as a guide l ine for

:en to reduce blood lead l eve l s . When l e v e l s are below 10
actions be taken. Based on a national survey from 1991 to

blood lead was found to be 2.8 /z/dL for p e o p l e aged 1 to 74
1, ATSDR 1999).

f o r

' Because of c o n f i d e n t i a l i t y issues, EPA has shared only summary information about urinary and hair
arsenic l eve l s and blood lead levels. Having only summary informat ion l i m i t s ATSDR's a b i l i t y to p e r f orm a more
thorough evaluation of these biological tests.

41 Blood lead levels are t y p i c a l l y reported as M/dL. Human studies on the health e f f e c t s of lead quite
o f t e n focus on blood lead levels. T h e r e f o r e , one can determine the p o s s i b i l i t y of harmful e f f e c t s by knowing the
blood lead levels and the age of the person. The geometric average is calculated when one wants to reduce the
in f lu enc e that unusually high or low values have on the average. The EPA did not provide an arithmetic average
of blood lead levels.
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The blood lead results for the 15 p e o p l e who part i c ipat ed shows that at the time of the t e s t ing
they did not have excessive exposure to lead. The blood lead re sul t s , however, cannot be used
to draw conclusions about the s a f e t y of lead l eve l s in soil at the VBI70 site.
Future medical tests in the VBI70 study area by EPA
ATSDR with input f rom EPA, C D P H E , the Ci ty and County of Denver, and community
representatives p lans to col lec t b io logical samples in the spring and summer 2Q|||;from some
of the residents of the VBI70 study area.42 At the time of the w r i t i n g j I l l u s i i K o r t , ATSDR
plans to test some preschool chi ldren and adu l t s for urine
highly contaminated proper t i e s . The purpose of the invj
not excess arsenic exposure is occurring among those
i d e n t i f y a p p r o p r i a t e f o l l o w - u p heal th ac t ivi t i e s f or resi|
ATSDR and EPA efforts for a consistent approach to

at the more
whether or Ji:

if:ea.
.used t

short-term exposure to arsenic
During the invest igation of soil arsenic l eve l s at the \p3f70
arsenic exposure in children with soil pica behavior^^nce
evaluating arsenic exposure in this s i tuation, in Oc
agencies form a national group to evaluate | , ^ l l 1 § i of ar
term exposure. The f o cu s of the evaluatieiKoncerS88y <(for example , 1 day to several years) ojprsenic e s u r
s c i e n t i f i c papers that form the basis,j|o||;some Qlph 6 d e c i s f p i Being made in th i s p u b l i c h e a l t h
assessment. The purpose of this elUl was telinsure a ^insistent approach between ATSDR* *• •^jwiwK-1 .-x-xvj" .•:•:•:•:-:• *• L

and EPA at the VBI70 site and t f l l n s u r e a j H o n a l l y .^Insistent approach by EPA at other s i t e sj $ 8 & ? S B W S S S S * - ? S S S S f r r J

in the US. .,

raised concerns about
f o r

that the two
ac in p e o p l e f rom short-

I f e f f e c t s f r om short p e r i o d s
f en c i e s have i d e n t i f i e d many

Health
As part of A
and commu
a s s e s s m e n r f r ' o t h e r

rdous waste s i te s , a c t i v i t i e s such as h e a l t h educat ion
inducted prior to the release of the p u b l i c h e a l t h

currently has a|Pl^Pative agreement with C D P H E to conduct hea l th educa t ion
ties at the site. T h j f i g e n c i e s , along with the heal th team members, have a lr eady
acted some h e a l t h j l d u c a t i o n act ivi t ie s related to VBI-70. The group is also working

to p l a n a d d j j p b n a l activit ies related to health care provider education and d i s t r i b u t i n g
ig the upcoming medical t e s t ing.

f, ATSDR along with the C D P H E evaluated the s a f e t y of gardening in the VBI-70
area. Based on this evaluation, the heal th team members d ev e l op ed two f a c t sheets de s cr ib ing
s a f e gardening practices and outlining the results from the evaluat ion (see A p p e n d i c e s G and
H). The documents were di s tr ibuted in both E n g l i s h and S p a n i s h to re s ident s around the VBI-

42 T e s t i n g is planned for the spring and summer because exposure to contaminants in soil is l i k e l y to be
high in those months from increased outside activity by chi ldren and adul t s .
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70 site and were printed in one of the community newsle t ters , which was sent to a p p r o x i m a t e l y
2200 residents. The group also held two pub l i c a v a i l a b i l i t y sessions at the Herrington
Elementary School and the Swansea Community Center in Apri l 1999. During these meetings,
residents were able to ask questions regarding the s a f e t y of gardening in the area as well as
receive gardening t i p s from a horticulturis t from the Universi ty of Colorado. ATSDR also
prepared and released an information sheet to residents that outlined some general s t e p s that
they could take to protect their heal th and prevent exposure to contaminants in sgi|. (see
A p p e n d i x M). Other act ivi t i e s such as contacting local heal th care providers t^Ilitroduce
them to the VBI70 site and d e v e l o p i n g educational materials for the u^i^p^^medical t e s t ing
are in the early stages of deve lopment .
A T S D R ' s child health ini t ia t ive
To ensure that the heal th of the nation's children is
ini t iat ive requiring that heal th assessments determine
exposed to site-related hazardous waste and whether or
a f f e c t e d .

Conclu
In 1998,1
and II sampl i
and an i n j f f i t v e s
f ound ||iertain prope:
contidies to occur at cei

' S D R implem
iot chi ldren are being

of children might be

When soil is a pathway of concern, as it is at
exposure to contaminants in soil than a d u l t ;
VBI70 site. Chi ldren' s exposure to ar s enjplnd l e;
inve s t igat ion at the VBI70 site and s i gn | i f can t ly
chi ldren with soil pica behavior becjg|f a maj
ATSDR made.

have greater
for arsliic and lead in soil at the

l a j o r f o cu s o f A T S D R ' s; s e f f o r t s . More s p e c i f i c a l l y ,
pub l i c health decisions that

Jiealti
proper t i e s in the VBI70 study area as part of phase I

ies, a c on f i rmat ion sampl ing round of 55 proper t i e s ,
f o c t i s ed on 8 propert i e s . H i g h arsenic l eve l s in soil can be

tudy area. Poss ib le exposure to arsenic in soil occurred and
pertie s that is a concern for preschool chi ldren with soil pica

. In a d d i t i o n t t f p h e s e proper t i e s , past exposure to high arsenic l eve l s may have
at 18 p r o p e r t j p s be fore EPA s t o p p e d exposure in 1998 by removing contaminated

'ossible exp<|gpe to arsenic at the proper t i e s mentioned might cause serious health
children with soil pica behavior. The most l i k e ly signs and symptoms in

I l l p i i i d r e n f rom eating soil with high amounts of arsenic could be nausea, stomach
king, and diarrhea. For soil pica chi ldren at these contaminated proper t i e s where

this behavior occurs several times a week, other po s s i b l e signs and symptoms might include:
• s w e l l i n g of the skin around the eyes,
• eye irritation,
• redness around the eyes,
• headache, laryngi t i s ,
• sore throat,
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• rapid heart beat,
• severe nose bleeds ,
a liver damage, and
s lowered white blood c e l l s .
For these proper t i e s , a d u l t s and chi ldren with typ i ca l soil intake l ev e l s who l ive on or visit
those proper t i e s are not l i k e l y to experience non-cancerous harmful e f f e c t s f r om arsenic in
soil. &,
T h i s p o s s i b l i t y of harmful e f f e c t s in soil pica chidlren app.
where exposure occurred in the past and is known to
propert i e s that were cleaned up by EPA. I n s u f f i c i e n t i
proper t i e s hi the s tudy area to determine their pub l i c
currently evaluating 3,000 proper t i e s so addi t ional i n f i
contamination wi l l be available soon. Personal comm
for the VBI70 site indicates that pre l iminary soil data onj
proper t i e s are not contaminated with arsenic and lea

contact
es b e fore the}

ool children in
s system. P

ATSRD is all
l ev e l s of
lead hi
by
Exp

arsenic
; o m E P A ' s p r o j e c t manager

>roperties shows that many

ATSDR is also concerned about many of the 6
s ampl ing round and the intensive s ampl ing
p o s s i b i l i t y of cancer. A d u l t s and c h i l d r e j p a n be
mouth ac t iv i ty. A d u l t s and children whfnive on
estimated exposure l ev e l s to arsenicJ5|[||l are
have been shown to cause cancer J||pople.
cancer risk for most of the 1,
sampl ing roimds. E P A ' s
provide sulliient in f o
propert

of the c on f i rmat ion
of arsenic and the

in soil f rom hand-to-?:contaminated yards have
Sure l e v e l s in human s tud i e s that
le at thi s tune to determine the

s tudy that were part of phase I and II
which w i l l be a v a i l a b l e in 2000, w i l l

cancer risk for re s ident s who l ive on the

1 chi ldren who l ived in certain p r o p e r t i e s wi th h igh
ies with s u f f i c i e n t soil data have elevated l e v e l s of

r o p e f t i e s with the highest average lead l e v e l s were cleaned up
:veral other prop er t i e s with e levated lead l e v e l s in s o i l ,
contaminated soil at the more h i g h l y lead-contaminated

cleaned up in 1998 might have increased blood lead l e v e l s in some
past and might have caused harmful e f f e c t s invo lv ing the brain and

le e f f e c t s include a decreased i n t e l l i g e n c e , d ev e l opmen ta l d e l a y s ,
vitamin D metabol i sm, changes in blood enzyme l e v e l s , and

Several data gaps exist in determining the extent of soil lead l e v e l s in the s tudy area. The
intensive s a m p l i n g round, which sampled some proper t i e s up to 15 f e e t f rom the p r o p e r t y l i n e ,
i d e n t i f i e d several proper t i e s with high l eve l s of lead in so i l . Because of the l imi t ed s a m p l i n g
of these ( a d j o i n i n g ) proper t i e s in the intensive round, it is not p o s s i b l e to determine whether or
not lead in soil at those proper t i e s could harm children's health. As for the 1,500 prop er t i e s
sampled in phase I and II, most proper t i e s do not have s u f f i c i e n t i n f o r m a t i o n about lead in soil
to determine whether or not lead l eve l s are s a f e or harmful for ch i ldr en . EPA's phase III data
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should provide information on 3,000 propert i e s that wi l l a l l ow ATSDR to evaluate the
p o s s i b i l i t y of harmful e f f e c t s f rom exposure to lead in soil.
Three proper t i e s have re fused to a l l ow EPA to clean up arsenic-contaminated soil These
proper t i e s are a health hazard to the current residents at those proper t i e s and to the f a m i l i e s
that might occupy those proper t i e s in the fu ture .
Conclusions about environmental samples
One of the ad j o in ing proper t i e s that was sampled during
was found to have arsenic-contaminated soil was not s;
the conf irmation s a m p l i n g round. ATSDR is uncertai
sampled during Phase I I I .
The results of Phase I and II sampl ing rounds for arsei
in making pub l i c heal th decisions. Because only two
results cannot be used to estimate the average level f<
Phase I and II result s cannot be used to estimate
proper t i e s where confirmation samples were c
of the intensive sampling round have s u f f i c |
to evaluate the pub l i c health s igni f i cance Jjjpfong-
F i v e of highest lead l eve l s in soil
1,000 f e e t of the former Omaha-<J
contamination might exist at ami low

T h i s
rface ne

Jens i
during

icther or.

leve l s in soil is very limited
i p l e s were c o l l e c t e d , the

soil. T h e r e f o r e ,
Only the 55

that were the f o cu s
:c and lead l eve l s in soil

il contaminants.
in three p r o p e r t i e s within

ation indicates that s i gn i f i can t lead
e former smelter.

The d i s t r i b j l l a o f l ead ,might
might exisif|||l^s(tral
for arsenic col pro f

pund thel|^|||8tudy area shows that lead contamination
a r e a T l h a d d i t i o n , s ign i f i can t soil lead contamination
inside the s tudy area. Since no pattern was obvious

ide the s tudy area could have s i g n i f i c a n t l eve l s of
arsenic in sous$S

S e d i m g f F i n th e VBI7(f |
or no jped iment samples
G l j J t Plant inves t igate

that f l o w s throu

have not been characterized. ATSDR is uncertain whether
te S o u t h P l a t t e River that were taken as part of the A S A R C O

s u f f i c i e n t l y characterize sediment hi that portion of the South P l a t t e
the VBI70 study area.

' o th er environmental data ar e avai lab l e , ATSDR wi l l evaluate i t s p u b l i c

Conclusions about other health activities
As part of ATSDR's inves t igat ion of hazardous waste s i te s , ac t iv i t i e s such as health education
and health promotion are o f t e n considered once the pub l i c health assessment is c ompl e t ed .
Some initial ac t ivi t i e s concerning heal th education have been conducted. T h e y include
creating two fac t sheets on gardening, holding an avai lab i l i ty session for residents to answer
their questions about gardening, and preliminary work on d e v e l o p i n g a p l a n for test ing urinary
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arsenic in some residents.

1.

2.

3.

4.

5.

6.

7.

Recommendations
Because Phase I and II data cannot be used to c o m p l e t e l y characterize human exposure,
ATSDR recommends that EPA col lec t soil samples f rom all the p r o p e r t i e s j s a m p l e d in
Phase I and II and measure for arsenic and lead.
ATSDR recommends that EPA col l e c t surface soil.,||||ples
on Milwaukee S t r e e t , Clay ton S t r e e t , and Thomo|pN£burt th;
high leve l s of arsenic and measure for arsenic a j f l e a d . ATJ!
proper ty to EPA by letter.
ATSDR recommends that EPA col l ec t surface
may currently have high leve l s of lead and measj
i d e n t i f y these proper t i e s to EPA.
ATSDR recommends that EPA collect
the former Omaha-Grant smelter,
from the former smelter.

;,reco

i f i c p r o p e r t i e s
n t l y have

this

from several p r o p e r t i e s that
arsenic. A T S D R w i l l

torn the area around
at leas t 1,500 f e e t

ATSDR recommends that E
is, south of Martin Luthe
that is, Fox Str e e t ; and

pie s south of the s tudy area, that
ke S t r e e t ; west of the s t udy area,

lay ton neighborhood.
and d e p t h sediment s a m p l e s f r o m

the VIB70 study area and f r om the S o u t h P l a t t e River if
iracterized for arsenic and lead as part of the A S A R C O

t EPA, C D P H E , and the C i t y and County of Denver d e v e l o p a
perties where EPA is not a l lowed to clean up contaminated

stem should inform fu tur e occupants of those p r o p e r t i e s of
lead contamination in soil.

lends that an exposure inve s t iga t ion be conducted to determine if
live on proper t i e s with high l e v e l s of soil arsenic are being e xpo s ed .

ivision of H e a l t h Education and Promotion in ATSDR w i l l evaluate the V B I 7 0
site for p o s s i b l e health education and promotion ac t iv i t i e s . T h i s process w i l l include an
evaluation of the health education activit ies that have been conducted to date and an
assessment of the site for po s s i b l e health education and promotion a c t i v i t i e s based on
this evaluation.

i f i c a t i o n syst
' s o i l . T h e n o t i f i c
ex i s t ing arsenic.
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Public H e a l t h Action Plan
The purpose of the publ i c heal th action p l a n (PHAP) is to ensure that this pub l i c health
assessment goes beyond presenting ATSDR's conclusions and recommendations about pub l i c
health issues at the VBI70 site. The PHAP describes actions during the heal th assessment
process that were taken to protect pub l i c heal th as well as actions that are p lanned. The PHAP
at the VBI70 site involves two areas: heal th education act ivi t i e s and medical test
Health education activities
During the pub l i c heal th assessment process that took pi
s t a f f members met with community representatives a
meetings, ATSDR s t a f f members and community r epp
the heal th team deve loped two gardening fac t sheets,
information to residents about the s a f e t y of gardening
f a c t sheets were either mailed to residents or handed ou
team had for residents in A p r i l 1999. As part of the
met with residents one-on-one to answer their quest j
add i t i on , a f l y e r was given to residents showi;
yard to reduce exposure to arsenic and lead.j
Universi ty of Colorado was on hand to a j i ip l e r que.

late 1
f ence eve
itative;

70
ilabl
about

s they
n, a

I f a c t s sli
s tudy area. The gardening
jty sessions that the health

health team members
id the site. In
in their house and

icul turi s t f rom the
ining in Denver.

C D P H E and ATSDR are also currej|||:workin|i5n omer jp i l t h education ac t iv i t i e s . For
instance, C D P H E is wri t ing a l e t j^ lPloca l j i p i t h care jpbviders to inform them of the pub l i c
heal th issues at the VBI70 site. ' healthj||||ncies .a||ilso looking at whether or not to
d e v e l o p othesr heal th education U l i v i t i e s f i
Medico*
During the pul
in chi ldren ar
exposure j g p l t i g a t i r
f u t u r e B f t l i c heal th act

, ATSDR decided to measure urinary arsenic l eve l s
ve a t r t i e s with high arsenic contamination in soil. T h i s

place in the spring or summer 2000 and will be used to decide
site.

ing with EPA, C D P H E , and the C i t y and County of Denver on pub l i c
site. As part of that j o in t e f f o r t , ATSDR has made

to the agencies to protect pub l i c health and wil l continue to work with these
key decide what actions should be taken to protect pub l i c health.
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1998 and 2003 Es t imated Demographi c for the VBI70 S t u d y Area
The demographic data presented in the main body of the report are taken f r om the 1990 census.
T h o u g h more current census data are not available, ATSDR obtained and reviewed e s t imate s of
neighborhood-level demographic data for the years 1998 and 2003 to provide in s igh t s into the
current demographic s of the VBI70 study area. T h e s e es t imates were prepared by C l a r i t a s ,
I n c . — a company that spe c ia l i z e s in p r o j e c t i n g fu tur e demographic data for s p e c i f i c .geographic
areas. Not only do the data provided by Clar i ta s es t imate total p o p u l a t i o n , in the
area, but they also characterize add i t i ona l in format ion relevant to this
such as the age of houses and the average time p e o p l e live in.;|ijeir ho
The f o l l o w i n g l i s t reviews important data trends derived
Clar i ta s . Data summary tab l e s are also inc luded in this
trends.

70 s t u d y
assessment,

Population trends and socioeconomic status by ne
overview of the demographic s of the VBI70 N l > | i t e '
5,800 p e o p l e reside within the boundary of the S u p e r f u n
t h e fac t that nearly 10,000 addi t ional p e o r w i t h i n
s tudy area. Across the s t udy area,
roughly 30% are African-American
T a b l e D-l and F i g u r e s 6-10 i
neighborhoods that make
that the C l a y t o n and Col e ,
other three neighbor!

re s ident s

on anal
at the p o p u l a t

2003, with some

F i g u r e 5 gives an
re shows, r o u g h l y

ihown in the f i g u r e is
o f t h e V B I 7 0

p : b f H i s p a n i c origin,
s are of d i f f e r e n t races.

:akdowr||plfil: p o p u l a t i o n by race for the f i v e
area. JtThe data in the t a b l e and f i g u r e s show

s i d e rab ly higher p o p u l a t i o n than the
, however, A f r i c a n - A m e r i c a n and
total p o p u l a t i o n , but the racial

instance, in Elyria, S o u t h G l o b e v i l l e , and
p o p u l a t i o n is of H i s p a n i c origin, and l e s s than 10% of the

C l a y t o n and C o l e ne ighborhood s , on the other hand,
bf Afr i can-Ameri can r e s ident s .

is data and other sources of i n f o r m a t i o n , C l a r i t a s has p r o j e c t e d
JI70 s tudy area will grow roughly 5% between 1998 and

i expected to occur in all f i v e ne ighborhoods .
' neighborhood. I n f o r m a t i o n on the housing stock is an impor tant
this p u b l i c heal th assessment, e s p e c i a l l y because sur face s o i l s can be

i f rbed (or even replaced with clean fill) during cons truc t ion of new homes.
P2 present s data on the housing stock in the VBI70 s tudy area; these da ta are

sd on estimated informat ion for 1998.
As T a b l e D-2 shows, there are more than 5,000 housing units in the V B I 7 0 s tudy area,
with the Clay ton and Col e neighborhoods having the highest numbers of homes.
Throughout the s tudy area, nearly 90% of the housing units were believed to be occupied
in 1998. About three- four th s of the housing units in this area have only one unit (i.e . , they
are s ingle f a m i l y homes), and multi-unit d w e l l i n g s are most prevalent in the C o l e
neighborhood.
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According to the census data, more than 80% of the homes in the VBI70 s tudy area were
constructed b e f or e 1970, and most of these were built b e f ore 1950. Only 11% of the
homes in the area were buil t in the last 15 years. New construction appear s to be most
prevalent in the Clayton and C o l e neighborhoods. The S o u t h G l o b e v i l l e neighborhood, on
the other hand, has the highest f r a c t i o n of o lder homes. T h o u g h some variations in the
age of homes are apparent in d i f f e r e n t par t s of the V B I 7 0 s tudy area, the variations are
not striking and cannot (by themse lve s) exp la in the trends observed in the sc
contamination.
Length of residence by neighborhood. The l ength i
area is very relevant to this pub l i c hea l th assessmec
for many years are much more l i k e l y to have cor
than p e o p l e who have lived in the area for o n l y ,
D-3, the median duration of residence for "block
from 6.8 years to 23.3 years. ( N o t e , a block grol
the census uses block groups to report p o p u l a t i o n ]
that re s idents in some part s of the V B I 7 0 s tudy,;
7 years or so, but re s ident s in other part s of the'
their homes for more than 23 years.
For greater insight into duration of j p s t a e n c e , j
long p e o p l e in the VBI70 study aj^S live in||eir:
T a b l e D-3. Averaged over tl|e.||ntire s tu j f%rea, 5:
in their current homes for lj|||i|rs or fe||ir, while j
to have lived in their curre^limes f j g p n o r e tha
the res idents have t h a p o l i t i a l for ejl i sures

the VBI70 s tudy
i the area

; V B I 7 0 srasppranges
subset of a neiglroorhood;

of c i t i e s .) T h i s means
new locat ions every

id to not move f rom

vas used to est imate how
bsse data are also shown in

le re s ident s are believed to live
lly 16% of the re s ident s are believed

i years. T h e r e f o r e , only about 16% of
than 30 years.

2sidency
i parameter

res ident s that h
f our neighbor!

i the f i v i H p b o r h o o d s , ATSDR found that the percentage
, vary considerably f rom one neighborhood to the next. In

res idents (30 years or more) in Clayton, Col e , Elyria,
/ i th s l i g h t l y higher percentages f or S o u t h G l o b e v i l l e ; a

if one considers "long-term residents" to be 11 years or
eral l , though some n e i g h b o r h o o d - s p e c i f i c trends in duration of
s ing l e neighborhood has a s t r ik ingly d i f f e r e n t d i s t r i bu t i on for

f i r s . In other words, no s ingle neighborhood stands out as having
l ived cons iderably longer in their homes when compared to the other

5 3 .



T a b l e D-l
Demograph i c Data for the F i v e N e i g h b o r h o o d s in the VBI70 S t u d y Area

(Data Presented Are Es t imate s of the 1998 P o p u l a t i o n )

Parameter
Data for the
Popula t i on

Living within
the V B I 7 0

N P L S i t e

Data for the
Popula t i on

Living within
the V B I 7 0
S t u d y Area

Neighborhood

Clayton Cole Elyria South
Globev i l l e Swansea

White 2,957 (67%) 7,635 (57%) 797 (20%) 2,484 (57%) 972 (89%) 742 (92%) 2,640 (89%)
African-American 1,250 (28%) 5,172(39%) 3,040 (75%) 1,800 (41%) 69 (6%) 37 (5%) 227 (8%)
American Indian, Eskimo, or Aleut 84 (2%) 2 1 9 ( 2 % ) 48 (1%) 50 (1%) 43 (4%) 13 (2%)
Asian or Pac i f i c Is lander 99 (2%) 273 (2%) 145 (4%) 58 (4%) 13 (1%) 16 (2%) 40 (1%)

Hispanic Origin 2 ,912(66%) 7,712(58%) | 1.054(26%) | 2.686(26%) | 889(81%) | 661(82%) 2,423(82%)
N o t e s : The breakdown of the demographic data by white, African-American, American Indian, Eskimo, Aleu t , Asian, and P a c i f i c I s l a n d e r is based on a question that is asked

in the U.S. census. The sum of the percentages for these four entries should roughly equal 100% for each area.
Data on the number and percentage of residents of H i s p a n i c origin is derived from an entirely separate question on the census. T h e r e f o r e , this should be viewed as an
al toge ther d i f f e r e n t breakdown of the VBI70 popu la t i on .
All data in the table are estimates of 1998 p o p u l a t i o n . The s e estimates were prepared for ATSDR by Clar i ta s , Inc.
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T a b l e D-2
Data on the H o u s i n g S t o c k in the F i v e N e i g h b o r h o o d s in the VBI70 S t u d y Area

(Data Presented Are Es t imate s for the Year 1998)

Parameter

: Total Housing Units and Occupancy Data:
Total Housing Units
Total Occupied Housing Units
Estimated Occupancy Rate

•Miiifiti#ii0h 6f types of HoMiig Unite;. \ : . ; ;
S i n g l e Unit Homes
Homes with 2-9 Units
Homes with 10 or More Units
Mobile Homes and Other

; . - . : . ::-:::•:::-:•:•:;::•.•:•:•::::: I : : - : - : : : : : - : : : : : : - : - : : : - : . - : - : : : - : - : - ; : : - : - 1 : : : : : : : ; . : • : : ;;:-:::::o: :•::•:•:::
|i<*||̂ i*;!

Homes Built in 1985 or Later
Homes Built in 1980-1984
Homes Built in 1970-1979
Homes Built in 1950-1969
Homes Built before 1950

Data for the
Area within
the VBI70
N P L Site

1,619
1,422
88%

1,272 (78%)
291 (18%)

35 (2%)
23 (1%)

ej^miii^M^ff
152 (9%)
24 (1%)
65 (4%)

364 (22%)
1,015(63%)

Data for the
Area within
the V B I 7 0

S t u d y Area

5,145
4,516
88%

3,847 (75%)
978 (19%)
235 (5%)
84 (2%)

^ I l l l l i l i l i
5 9 0 ( 1 1 % )

97 (2%)
288 (6%)

983 (19%)
3 ,187(62%)

Clayton

1,665
1,509
91%

1,273 (76%)
329 (20%)

50 (3%)
13 (1%)

::•::•:•: ::::•:.::::•:•.::.•:•:•.•::-::•:::-:WiSiiiii
288 (17%)

54 (3%)
32 (2%)

370 (22%)
921 (55%)

1

Cole

1,770
1,441
81%

1 , 1 4 2 ( 6 5 % )
448 (25%)
160 (9%)
20 (1%)

232 (13%)
27 (2%)
1 1 3 ( 6 % )

173 (10%)
1,225 (69%)

^eighborhooc

Elyria

391
348
89%

285 (73%)
87 (22%)

6 (2%)
13 (3%)

:•::•••::•:•:•:•::::•:•:•:•:•:•:•:•:•::•••::::•

30 (8%)
6 (2%)

61 (16%)
70 (18%)

224 (57%)

1
South

Globev i l l e

298
268
90%

248 (83%)
3 1 ( 1 0 % )

13 (4%)
6 (2%)

":::::: : : . : L . : : . : : . : : : : : : : : : : :

£ H ! ; ; 0 : ; & & B M s £ S
12 (4%)
9 (3%)
13 (4%)

3 1 ( 1 0 % )
232 (78%)

Swansea

1,020
949
93%

; ; : ; ; ; ; : ; • ; : ; ; ; • " • • ; ; ; • • ; ; ; ; ; ; ; ;
899 (88%)

83 (8%)
5 (<1%)
32 (3%)

:::.:•.:::::•:.:::.•::::::::.:::.:::.:.:.:.::.:l l l l i l l l t i
27 (3%)
0 (0%)

69 (7%)
339 (33%)
584 (57%)

Note: All data in the table are estimates of the 1998 population. These estimates were prepared for ATSDR by Claritas, Inc.
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T a b l e B-3
Data on Duration of Residence for the F i v e N e i g h b o r h o o d s in the VBI70 S t u d y Area

(Data Presented Are Es t imate s for the Year 1998)

Parameter

' : : : ' : : : : : ' : ' : : : ' : : : ' . : • : • . • - : :::::::::::-:::::::::-:-:::::-:::o::::::':::::-:-:::: ::::::::::: : ' : ' : ' : ' : ' : : : ' : : : ' • : : : : : : : . . : • : : : ; • : • : : : : : : ' - : x : ' • • • : : • : :

Data for the
Populat ion

Living within
the V B I 7 0

N P L S i t e

Data for the
Population

Living within
the VBI70

S t u d y Area

Neighborhood

Clayton Cole Elyria South
Globev i l l e Swansea

ijfc^li^^
;: :.:.;: : :.::S:.::-:-:::.-.: :-: :.:.: :.:'-:-:;.-:- ; -.:.: : : : : :> : <y:^^::::^ : •:•: : r,-,:.; ::.;.:>:•.: •>.:>:• ; :> : v*T: • : >:': r^:':':': <:'::>o::::: ::;::: •:••,. : :: •: :•••: •:•:': y-:':'::; ••:' ̂ ^:*:^: :o: : :>•:>:• •••• •••*: •'••'•• •• • :••: : • ••• ::••. : :•: :': : !::<<••• :•:•-•-•-•••'•••-•• •':•'•'••• :yV:':> <••<<••<< :: •:•:• :•;:: :•:• :•:::••;: ••• •'•:• ••:•••:•• -•-:•:-:•:••-::••-••••:::-•;•••-••:;: : ; : ;:;:: ;;:•;;;. ::::.: :.-.; o.-.-.:.-.-.-.-x- -.-:-:• ..-..:.-;•-- •••:•••-

Shorte s t median length of residence for ablock group within the area l i s t ed
Longest median length of residence for ablock group within the area l i s t ed

6.8

12.2

6.8

23.3

11.4

18.2

6.8

23.3

8.5

15.0

7.7

14.1

8.5

15.0
; j ; ^ ; ; ; : : ; ; ; ; ; ; ; ; - : ; ; ; ; ; : s s : : B ; ; ? ; - ; 5 5 : 8 ^W&Mm^MMM^^i^M^ tf&cetti; ^HM&Ml4er$:Wft$. M&M& W&^iMlMWig:. J^riim ;.; m ;••;.;:; ; ;; : : ::: i •; ; ::;;::: ; * ::::: mm m \ m m\ \m ;; 1 1 \ ; ; i m \ m M %& ;.s IN mm m ; i; <;
... 0 to 5 years ago
... 6 to 10 years ago
... 1 1 or more years ago
... 30 or more years ago

42%
13%
45%
13%

43%
10%
46%
16%

39%
7%

53%
14%

47%
10%
43%
16%

57%
10%
33%
15%

46%
3%

41%
20%

37%
17%
46%
16%

N o t e s : The f i v e neighborhoods in the VBI70 study area are comprised of many "block groups" or regions the U.S. Census uses to characterize the populat ion. For each block
group in these neighborhoods, the census data reports the median duration of residency for all of the residents in the block group. The data in the table above presents
the lowest and highest median duration of residency for all block groups in a given area. T h e r e f o r e , one can conclude that the median duration of residency for the
entire neighborhood is between the lowest and highest data po int s provided.
hi the second presentation of data, note that the las t category ("30 or more years ago") is a c tua l ly a subset of the category be fore it ("11 or more years ago"). Because
of this, the percentages l i s t ed do not add up to 100.
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T A B L E 1
MOBILE SOURCE E M I S S I O N I N V E N T O R Y

FOR THE G L O B E V I L L E AREA

P O L L U T A N T T O N S P E R D A Y
C A R B O N M O N O X I D E
N I T R O G E N O X I D E S
H Y D R O C A R B O N S
PM 10
PM ' 2 . 5

S U L F U R D I O X I D E

40.00
2044
1387

V E H I C L E M I L E S T R A V E L E D 781545665

M E T A L S
POLL'

,*.,;?;

S U B S T A N C E T O N S P E R Y E A R
A R S E N I C i P O U N D S ^ U B L I C 0.25
A N T I M C O I N C GLOBE P L A N T

C A L & M E T A L I N D I N C
0.83
0.03

Total: .086

C A D M I U M C O N GLOBE P L A N T 0.01
P U i g f C S E R V I C E C O M P A N YO W E N S C O R N I N G / D E N V E RH O O F I N G P L A N T

0.13
0.03

Total: 0.16

s A N E S E C O M P O U N C O W E N S C O R N I N G / D E N V E R
R O O F I N G P L A N T

0.03

E L C O M P O U N D S , P U B L I C S E R V I C E C O M P A N Y 1.33
A S A R C O I N C GLOBE P L A N T 0.50
A S A R C O I N C GLOBE P L A N T 0.01

S E L E N I U M A S A R C O I N C GLOBE P L A N T 0.06
T E L L U R I U M A N D C O M P O U N D S
A S T E A N D T E - P T

A S A R C O I N C GLOBE P L A N T 0.13
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T A B L E S

T O N S P E R
Y E A R

TOTAL EMISSIONS: 80216 BY
TONS PER Y E A R OF POLLUTANT

P O L L U T A N T
18332.00 S U L F U R D I O X I D E
16822.37 N I T R O G E N D I O X I D E

875.28 V O L A T I L E O R G A N I C C O M P O U N D S
714.86 C A R B O N M O N O X I D E
659.18 S U S P E N D E D P A R T I C U L A T E ( T S P ) !
349.25 P M 1 0 T O T A L 0-1OUM
151.64 T O T A L H A Z A R D O U S A I R P O L L U T A f
144.43 O R G A N I C C O M P O U N D S

33.17 T O L U E N E A K A M E T H Y B E N Z E
12.25 A M M O N I A

6.53 C H L O R O F O R M
2.31 C H L O R I D E
1.33 N I C K E L C O I \
0.95 A C I D S

>P.86 OMPOl
LEAl

J I C C C J N D S
0.18
0.16 C O M P O U N D S
0.13 _ U R I U M A N D C O M P O U N D S , A S T E
0.06 I E L E N I U M C O M P O U N D S

M A N G A N E S E C O M P O U N D S
T R I E T H Y L A M I N E

0.01 C A D M I U M C O M P O U N D S
0.01 L E A D C O M P O U N D S

H Y D R O F L U O R I C A C I D
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TOP 10 V O L A T I L E O R G A N I C COMPOUND (VOC)
A N D H A Z A R D O U S P O L L U T A N T ( H P ) E M I T T E R S

S I C
2051
2499
2599
2711
2752
2851
2952
3086
3317
3441
3443
3479
4911
5541

V O C / H C
VOC
V O C / H C
V O C / H C
VOC
V O C / H C
V O C / H C
VOC
VOC
H C
H C
H C
H C
V O C / H C
VOC

I N D U S T R Y

Bakeries
Wood Produc t s
F u r n i t u r e M a n u f a c t u r e r
N e w s p a p e r ( p r i n t i n g )
Commercial Print and|| fhograph
P a i n t s / P a i n t i n g F a c i l i f i i i_____________________jfc&w

A s p h a l t
P l a s t i c F o a m Produc
S t e e l P i p e
F a b r i c a t e d
F a b r i c ,,M e t a j C o a t i n g

I r i c U t i l i t
J a s o l i n e M a t i o n s

# o fbusinesse s

ri
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T A B L E S
D I E S E L F L E E T S 4 3 B A S E D IN 80216

BY N U M B E R OF TRUCKS

F L E E T N A M E # OF TRUCKS
R E G I O N A L T R A N S P O R T A T I O N D I S T . 763
P E N S K E T R U C K L E A S I N G 604
C I T Y & C O U N T Y O F D E N V E R 411
D E N V E R P U B L I C S C H O O L S 315
R Y D E R T R U C K R E N T A L - D .
H V H T R A N S P O R T A T I O N , I N C .
G L O B A L R E N T A L 262
L E A S E M I D W E S T , I N C . 225
R O L L I N S L E A S I N G CORP.-B 200
W A S T E M A N A G E M E N T O F C O L O R A C 179
P E P S I - C O L A B O T T L I N G C O . 144
U . S . W E S T - D E N V E R 124
B R A N N A N S A N D & G R A V E 97
W E S T E R N DISTRIBUJ[N||fRANS. <| 75

72
CO. 72

M A Y F L Y J T R A C 65
M I L E 58

* p T R A N S P O R f 57
READY MIXED C( P E C O . 56
S A F E W A Y S T O F 5 , I N C . 54
F U L L S E R V I C L E V E R A G E S 53

D I S T R I B U T O R S , I N C . 46
H I P ! E I G H T S Y S T E M S , I N C . 40
T R A N S W E S T E R N E X P R E S S , L T D . 40
B U L L O C K S E X P R E S S 38
R Y D E R T R U C K R E N T A L - L . 38

43 A f l e e t is considered to be nine or more trucks.62



F L E E T N A M E
N E W S A N D F I L M S E R V I C E
N A T I O N A L B Y - P R O D U C T S , I N C .
A M E R I C A N W A R E H O U S E C O . , I N C .
F R A N K C . K L E I N & C O . , I N C .
G I A M B R O C C O FOOD S E R V I C E
W E S T E R N D E L I V E R Y S E R V I C E
D P I D Y K S T R A S A L E S , I N C .
M O U N T A I N S T A T E T R U C K L E A S I N G j||:.
B E L L I O T R U C K I N G , I N C . J l F
I R O N & M E T A L S , I N C . j||f j
U L T I M A T E F R O Z E N F O O D S , I N C .

# OF TRUCKS
33
30
26
25
24

,:*, 17.;::::::y:::;-- ' "
;- . . ' : '-: ': : : : : : : : ' '*&. ,:&:*•' 1 RJ S j i J j i l ^ ^ I j l j i F

15
14
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••rmxiiifisfffv-vf-;*?-••::::::S:W:;SS:::S::;a:ii''• ; : ^a^p*1
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A p p e n d i x F

Figure 11
M a p o f E P A ' s Regional Geographic I n i t !
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A p p e n d i x G

CDPHE's F a c t Sheet on Gardening i
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C o l o r a d o Department of Health and Environment
A p r i l 1999H o m e G a r d e n i n g
^

agencies areany t^^s;|^i|M[!ti^iidijpi"information will be available
|i|$). i^|Jp'|||u|:;||||p||isi|||

stud ies

:decidei tbg^dei | i t^iand gardening^ andi i i e ta s that f r u i t s and:

; rnetals present in your : s a U y : ; ! ! h i i ; ; ; ; ; ! ; ; i||ir<fcii

i l i f orn ta l i o l :

&rm

M e t a l s a
etal than the rest of Xgqjg^ the yard.
:ed commercial garden produc t s or

like t op s o i l and compost to their garden soil.
l i t s and vegetip^pbm the garden usual ly have less metal than the soil they

re grown in. Tip isf because not all the metal is absorbed by the plants .
iy p l a n t s take in metals is from the roots, along with the

its need for growth. A smaller amount of metals may get into the
par t i c l e s the p lant "breathes" in through leaf openings. M e t a l s

may also be present in the dust or soil that c o l l e c t s on the outside of the p lan t .
The ability of a plant to take up metals from soil and store them in their leaves
and f ru i t s varies f rom plant to plant .
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What can I doto h e l p prote©1my health?
Your garden s o l I I
1 You can add things such as compos t , topso

and other outside sources to your garden
at your local garden store, will enrich yo
amount of metals that can be taken up by

commercial

f r u i t s and
You can eat some f r u i t s and
f rom the grocery store,
metals which may be i

m A f t e r gardening be sure to wash up, esp
shoes, to remove dust and soil and to a

s, c lo thes and
,your home.

your garden, and some
w i l l j f O u c e t h e j p o s s i b i l i t y o f being expo s ed to
&f

educe the amount of dust and dirt on
ou t s ide o f f r u i t s
vege tab l e s .

(p©©[pD© so f t Gift® ©©0©[fS)s3© Ie)©[j5>&)[r>Qm>D©iraft ©1?
tf©[p cm©!?1©

For information on metals in your so i l:Barbara O ' G r a d y( 3 0 3 ) 692-3395 or 1 ( 8 8 8 ) 5 6 9 - 1 8 3 1
b a r b a r a . o g r a d v f f l i s l a t c . c o . u s
Marion Galant(303) 692-3304 or 1 ( 8 8 8 ) 5 6 9 - 1 8 3 1

For more information about metals in your soil or health effects, you may call the Agency for Toxic Substances
and Disease Registry, Regional Representative Susan Muza at (303) 312-701 1. For more information about
gardening in general, you can call the Colorado State University Cooperative Extension Master Gardener at
(303) 640-5278.
Prepared by Colorado Department of Publ ic H e a l t h and Environment , 4300 Cherry Creek Drive South , Denver, CO 80246-1 530. T h i s fac t sheet
was supported in whole by f u n d s from the Comprehensive Environmental Response, Compensation, and L i a b i l i t y Act trust f u n d through a cooperative
agreement with the Agency for Toxi c Substances and Disease Registry, Publ i c H e a l t h Service, US Dept of H e a l t h & Human Services.
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A T S D R ' s Fac t Sheet Evaluating Garde
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Eating
Swansea, E S y H a ,

Soil S a m p l i n g in your
As you might know, soil from yards in the Vasquez Boulevard and Inter s ta t e 70 S u p e r f u n d S i t e s tudy area (VBI-
70 area) is currently being tested to see if it contains elevated l eve l s of metal s such as a r s e n j l f l n d l ead . The
s tudy area inc lude s the communities of Swansea, Elyria, C o l e , C l a y t o n , and sout^plobe^lPi (sou th of I n t e r s t a t e
70 and west of I n t e r s t a t e 25). As the s ampl e re sul t s become available , , several
at them to see if the metals that are found could cause heal th probl
Eating V e g e t a b l e s f r o m your Garden . . .
The Agency for Tox i c Subs tance s and Disease Registry (ATS
Publ i c H e a l t h and Environment (CDPHE) j u s t f in i sh ed an evalu;
are grown in yards where metal s are f ound in the soil. Since arse
o f t e n at elevated l eve l s in the yards that have been sampl ed so f<
arsenic:
</ If elevated l eve l s of arsenic are f o u n d in the soil

home-grown f r u i t s and vege table s?
Yes, it is sa f e to eat f r u i t s and vegetables thj
l i k e l y that eating home-grown f r u i t s and vj|etables,*,Jt,;;If there are elevated l eve l s of arse
vege table s?

i l t h agencies are l o ok ing

F r u i t s and
arsenic t
these f r u i t s a

,• i t o fthe Colo?
:ooked at f r u i t s a l i p i e t ab l e s that

,etal that has been f o u n d most
lowered these ques t ions about

rea, is it s a f e to eat

in the V B I - 7 0 area. It is not

ic a l so be f o u n d in the f r u i t s and

soi l s ^l^pevel of arsenic wil l take up a
of arsenic that might be taken into your body

l eve l s that are known to cause i l l n e s s .
' S t O em?

owing t i p s are h ea l thy prac t i c e s for all gardeners:
a f t e r working in the garden and b e f o r e h a n d l i n g f r u i t s and

~ -:-:-:-:j ••;;;;:••Wash f l i i t s ' a n d vegetables , e s p e c i a l l y low-growing vege tab l e s l i k e c o l l a r d greens,
spina.<$| and l e t tuce that are grown in your garden.
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A p p e n d i x I

F i g u r e s 12 - 17 j
Lead and zinc d i s tr ibu t ion maps for
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A p p e n d i x J

F i g u r e s 18 and 23
Arsenic d i s tr ibu t ion maps for
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A p p e n d i x K

F i g u r e s 24 through! 1
Lead and arsenic d i s t r i bu t i on maps at if
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A p p e n d i x L

I n f o r m a t i o n Shee t : Ways to
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A p p e n d i x M

ATSDR's l e t t er in forming EPA o f questions rais^
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D E P A R T M E N T O F H E A L T H & H U M A N S E R V I C E S Publ i c H e a l t h Service

March 24, 1999
Agency f o r T o x i c Subs tance s

and Disease Regi s try
A t l a n t a GA 30333

Ms. Bonnie Lavelle, RPMUS EPA Region VCTJ8EPR-RP
999 18* Stree t , Sui t e 500
Denver, CO 80202
Re: Community Concerns
Dear Ms. Lavel l e:
As you know, the Agency for Toxi c Substances and Disease Registry (ATSDR) has started activitiesassociated with its publ ic health assessment of the Vasquez Boulevard site (VBI70). One of the major
components of the pub l i c health assessment is to i d e n t i f y and address community health concerns. To
date, the VBI70 health team has met and conducted numerous conference call s with representatives
f r om various neighborhood organizations around the site. The VBI70 health team consists of
representatives from A T S D R , Colorado Department of Public Heal th and Environment, Denver
Department of Environmental H e a l t h , and community representatives. Community representatives onthe V B I 7 0 health team have t o l d us many of their concerns.
As we discussed with you earlier, some concerns that the community representatives have expressed
are out s ide of ATSDR's re spons ib i l i t i e s in the S u p e r f u n d process. We have informed the community
representatives that when concerns come up that are more a p p r o p r i a t e l y answered by other agencies,
we will convey those concerns to the a p p r o p r i a t e agency or organization.
Lis t ed below are the concerns that have been raised that would best be answered by the EPA. Our
responses to the community representatives on certain concerns are in italics.

1. Community representatives expressed a need to understand the sampl ing methods the
EPA used at the V B I 7 0 site. S p e c i f i c a l l y , they want to understand the d i f f e r e n c e
between a compos i t e versus an average, and how the d i f f e r e n c e between the two is
used in risk assessment Community representatives also want to know why the EPA
did not sampl e for cadmium and zinc.
ATSDR realizes that while some sampl ing was done for cadmium and zinc (for
example, some of the confirmatory samples measured for cadmium and zinc), the
community representatives did not understand the EPA's previous explanations.

2. Community representatives want to know the reasons certain houses were de le t ed f rom
the list of houses for an emergency cleanup?
We discussed the EPA's explanation and handout given during the January 28th
working group meeting with the community respresentatives. During our discussion
with the community representatives, we realized that they had concerns about the
selection of properties for removal activities and related topics. For instance,



Page 2 - Ms. Bonnie Lavel l e

community representatives disagreed with the way houses were selected for sampling.
Other issues that were raised included questions about the sampling approach, door-to-door canvassing, testing before action levels are set, and Phase III samples. Wesuggested to the community representatives that they discuss the issues with you.
I think the community representatives understand the EPA's reasons for selecting
homes for removal activities but may still disagree with those reasons. In addition,they have other concerns related to die selection of homes for removal, as well ass ampl ing and timing issues. EPA s t a f f members may want to talk to the community
representatives again about the issues mentioned to have a better understanding of theirconcerns and questions.

3 . Community representatives want to know beforehand the meanings of environmentaland health terms that might be used during work group discussions. During ourdiscussions with them, they did not s p e c i f y any terms in particular, although Iremember them mentioning MRLs and RfDs as examples during work group meetings.
/ have agreed to put together a short dictionary of scientific terms thatATSDR might
use. We are also passing the concern on to you since the EPA has its own scientific
terms and jargon.

4. Community representatives expressed a need to better understand the EPA's risk
assessment process. They also wish to have the explanat ion in writing.

As we continue to receive concerns related to the EPA, we will forward them to you. Thank you for
your attention to these issues. If I can p r o v i d e you with addi t ional information, p l ea s e contact me at
(404) 639-0639.
Sincere ly,

David M e l l a r d , Ph.D.
T o x i c o l o g i s tDivision of H e a l t h Asses sment and C o n s u l t a t i o n
cc:Ms. Joan Hooker
Mr. Anthony Thomas
Ms. S a n d y Douglas
Ms. Meli s sa M u f l o z
Ms. Rosemary Riley
Ms. Lorraine Granado
M s . Barbara O ' G r a d yMs. C e l i a VanDerLoop
Ms. Susan Muza


